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PLAN OF THE BOOK 


There are throe seotioiiH, namely: (i) Arithmetic related to 
commerce ; (ii) Algebra ; and (iii) Geometry and Mensuration 
related to technology and letuling to more advanced work in 
Mathematics, e.g. Logarithms, Trigonometry, and Deductive 
Geometry. 

The special aims of tlio authors are: 

1. To ensure tliat. the ground-work of mathematics is well 
prepared. 

2. To make the work as comprehensive as possible at this stage. 

3. To graduate the exercises to bo worked by the pupils. 

4. To use graphic methods for the purpose of tufsisting the 
young mind to comprehend the subject. 

6. To proceed from particular cases to the general statement. 

6. To interest the pupils by reference to their work and to 
their daily experience. 

The authors wish to express their indebtedness to the Council of 
the Union of Lancashire and Cheshire Institutes for kind per- 
mission to use examination questions. 
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Elementary MathemstS^^ 

SECTION 1 


AUl niMETU; 

Revision—The Four Rules 

Exeiuuse J 

1. Complete the following tables shoxN ing ini])oi't and export 
valiK\s foi' six months of the* year 11^25 : 


i!)2r). 

rin])o?ts. 

h]x ports. 

.Mxea'ss of 

1 m])orts. 



£ 

£ 

April 

1 io,:ir)H,2(»H 

7:4287,5.18 


May . 

10.t,27S,4(i(> 

7S,70:i,4()(i 


June 

110.1)82.155 1 

oi),4i):3.:ii)i 


July . 

1)8,744,841) ! 

70.202,51)1) 


Aug. 

»Se])t, 

1)1, 7:12, 004 

74,5:37,007 


1)7,1)25,0:41 

71,20(>,01)S 


Totals 





_j 



2. Complete the following table by additions : 


£ s. d. 

,£ s. (1. 

£ s. d. 

£ s. <1. 

784 17 1)4 

468 18 10] 

386 14 Hi 

189 15 SJ 

276 18 10| 

976 9 Hi 

785 17 XJ 

446 14 9i 

493 15 HI 

584 12 8| 

673 l() 7? 

385 7 4i 

287 19 2i 

395 15 7i' 

918 17 9i 

497 16 5| 

985 14 8^ 

588 18 6|' 

279 16 3i 

885 8 6.i 











s. d.i 
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3 . Ilow mucli is the sum of 800 dozen, 350 score and 560 
gro«s, slioj t of a million ? 

4 . Mild, to the iioarost ])oiiiiy, the average daily incoine of a 
man nuM'iving £250 per annum. 

5 . The various dejiartments of a store received £368 1 5s. 6d. 

£1840, 13s. lid., £1680, 15s. Od., £200, 11s. 8d., £450,’ 10s. 7d ’ 
p765, 18s. 5d., respectively. How much are the total receipts 
l(‘ss than £10,000 ? ^ 

6. By how much does the sum of £7643, 10s. 11 -kl. and 
£10,085, 15s. 5|(l. exceed their difference ? 

^ 7. A motorist starts from a ])la(;e 120 ft. high ; he ascemds 
56(J ft., th( n desc(mds 250 ft., climbs 025 ft., and then descends 
750 tt. At what lu'ight above sea-level is he then ‘i 

8. On Jan. I the sun rises at Ixindon at 8.6 a.m. and sets 
at 4.1 p.m. ; on July 1 the sun rises at T.ondon at 3.47 a.m. 
and sets at 8.20 p.m. J^’ind the differenc(> in the period of 
daylight on these dates. 


Short Methods 

Exercise 2 

Work the following by the quickest methods you know : 


1. («) STOOxlO P>) 735 X loo 

2 . («) 7840x0 (h) 8375x00 

3 . (a) 0025 X 308 (6) 7008 x 50() 

4. (a) 8012x25 (5) 3745x250 

5 . (a) 700x025 (6) 485 x025 

6. («) I832xl2i (b) 705x37^ 

7 . {a) 4070-X10 (5) 12358-MOO 

8. (a) 3758 -:-25 (b) 124604-125 


(o) 850 X ] 000 (d) 38 X 10,000 

(c) 2807x000 (d) 3371 x08 

(c) 2354x005 (d) 704x707 

(o) 70x2500 (d) 1805x25 

(c) 400X375 (d) 875x875 

(o) 5852 1x10 5 (d.) 0347 x 7 1 

{<') 408l-:-lOOO {(/) 23570 :-200 

(c) 384054-025 {d) 78010-^375 


Approximation 

Exercise 3 

1. Write the following numbers, correct to the nearest 
hundred ; 1510 ; 845S ; llol ; 327.'); 6789; 2341. 

‘hc followliig iiumbers, correct to the nearest ten : 
762 ; 58.5 ; 622 ; 451 ; 168. 

3 . Consider the number 43-852 and then write (a) the 
nearest whole number, (6) the neai-est number correct to 
one decimal place, (c) the nearest number correct to two 
decimal places. 
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4. Give answers to the following, correct to two decimal 
places : 

• (a) 785-yx-37. [d) 37 -84 : -1). 

(6) 482-5 X -009. (e) -323 ; 2-7. 

(c) -3840x56. if) I ; -19. 

5. Find, to the nearest penny, the average pric(^ per lb. of 
rubber wlum 845,600 lbs. are sold for £115,384. 

6. hind, to the nearest farthing, the cost per lb. of sugar 
Avhen 3,584,620 cwts. are sold for £5,817,293. 

7. Find, to the nearest whole mnnber, tlu^ av(Mag(‘ number 
of tram journeys mad(^ per p(-rson ])(t we(4v in a certain town 
having a population of 248,320, if the total uumlx'r of tram 
journeys made per year amounted lo 38,584,372. 

8. The length of a certain railway is 45,764 miles, and the 
gross n'ctupts for a year are £90,317,896. Find, to the nearest 
shilling, the average receipts per vv(M‘k ])er mile. 

9. If -1=0-357, find the value of x correct to three d(;cimal 

X 

places. 

10. (a) Find the cubical contents of 1000 galls, to the 
nearest cubic foot when told that 1 gall. -^277 -4 cu. ifts. 

{h) Find, to th(> nearest gallon, tlu- (;a,paeitv of the wat(‘r 
that will fill a cubical tank one side of which is 10-5 ft. 
(1 cu. ft. = 6-23 galls.) 


Fractions 

Exercise 4 

1. A motor lorry travels 31| miles in 2| hrs. A second lorry 
travels 54y^,y miles in 5f hrs. Find the difTerencc in their 
average speed per hour. 

2. A man who spends -75 of his income every week saves 
£28-6 in a y(uir of 52 weeks. Find his wet^kly income. 

3. When a bullet weighs -27 ozs., how many bullets can be 
made from 2 lbs. of lead ? What weight remains ? 

4. In a school J of the pupils are Infants, | of the remainder 
are Juniors, and 180 are Seniors. How many pupils are 
there in the school ? 

5. Of 27,500 persons visiting a seaside resort -44 of the whole 
held season tickets, -38 held day tickets, and the remainder 
held half-day tickets. How many were there of each ? 
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6 . At an olcction 8960 people voted for one or other of two 
candidates, and tlie elected candidate had a jnajority of 1020 
votes. What fraction of the total votes did each recefvo ? 

7 . Calculate, to the nearest minute, the length of a year 
which is said to be 365*242218 days. 

8 . A pile of 8 reams of pa]K‘r is 64*8 ins. in height. Eind, 
to two decimal places, tlu^ thickiu'ss of oru; sheet of pa})cr. 
(1 ream ^480 sheets.) 

9 . If I of a telegraph jujle is cut off, tlu^ remainder is 6 yds. 
2 ft. long. What would have l)een the length of the remainder 
if of the t)ole had bc'cn cut olT '( 

10. If 6 1 lbs. of tea cost 16s. 8d., find the cost of 4| lbs. 

11. If 3 jnetr(‘S- 3*2809 yds., express a- centimetn* in inches. 

12. A boy (ravels on a railway at half fare. Eor a journey 
of lO'^ miles his father })ays £1, 6s. 9d. for ticikets for both of 
them. How' far could they f)otli trav('l at th(‘ same rate for 
5s. 3d. ? 

13. A coal uKuchant s(‘lls 3 tons 8 cuts. 34 lbs. daily, and 
anotluu- s(*lls 5 tons !l ewts. 108 lbs. daily. What fraction is 
the first \veight of the sc'cond ? 

14. A samph* of 10 c.c. of air contains 7*83 c.c. of nitrogen, 
2*14 c.c. of oxygen, an<l other gases. Exjiress tfu‘ ratio of 
the volunu* of oxygen to the volume of nitrogen as a d('cimal 
fraction correct to two decimal pla(?(‘s. 

15 . At the first stopping place J of the passemgers in a 
tram-car l(*ave and 20 people ent(‘r ; at the next stopping 
place of th(' new' total disuKumt and 5 peoj)le enter. The 
car now cari’ies 56 jiassengers. How many people wei'c there 
in the car at first ? 

16. What is the height of a pil(‘ of 58,560 newspapers if 
each consists of 4 she(‘ts and tin* thickness of each sheet is 
•012 in. ? (Ii\'e the answer in yards, f(‘et, and inches to tlu^ 
nearest inch. 

17 . When the diffcreixM; betw<‘en the ciicu inference and 
the diameter of a circle is 25 ft., 6nd the diameter, (tt - y ) 

18 . Express, as tht^ fraction of an acre, tlui area of a rcxitan- 
gular field 52J yds. by 80 yds. 

19 . Find the cost in frai.es of 30*5 metres of silk at 20*55 
francs p('r metre. 

20. Express 5 Kg. 5 Hg. as decigrams. 
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Ratio, Proportion, and Simple Interest 

Exkrctse 5 

1 . When a Jiian allows a debtor a discount of Is. l^d. in the 
pound, ho rocoiv’es £755 instead of the full amount. What 
was the full amount ? 

2. When 2S men earn £l(i8, Os. 8d. by w'orkin^ 9 days, how 
lo!ig must 84 boys work to earn the saim* amount if each boy’s 
w'ag(5 is I that of a man’s 

3. A sho[)k(H'j)er buys sugar at 37s. Id. per cvvt. What 
must be his selling [)riee ])er lb. if he is to mak (5 a pi’otit of 
20 per cHuit. on his .sdling price ^ 

4. A builder makes a profit of 20 ])er cent, on his cost ])rico 
by s(^lling a lioust* to aii agoait for t750, and th(‘ agent sells it 
to a customer for £850. What ])erc(‘ntag(‘ (irolit on his cost 
price does the agent main* ‘i What would tlie liuilder’s 
pca’centage pi*otit on his cost price* have* l)e*e*n if he^ had sold 
direct to the* custeimer fe>r £850 ? 

5. (Jalcidate, to the ne'are'st penny, the simf)l(‘ inte*re^st on 
£375, 17s. fe)r 85 days at 5 pe*r cent. pe‘r annum. 

6. How long 'will it- take* 51 horses tei |)le)iigh 12t5() acres if 
34 horses plemgh tliis area in 35 elays 'i 

7 . A man ow ning £9000 invests | ed’ it at 4 per cent, and the 
rest at 5 per cent. Einel his half-yearly ine*ome from tliese 
invejstments. 

8 . A bankruf)t who owe‘s £1075 can only pay £340. What is 
the ratio of a creditor’s acce)iint te) the moiu'y he actually 
receives ? 

9. Find, to the ne*are‘st pe*nny, the amount e)f £987, I Is. 8d. 
for 3 years 0 me)nths at 4^ pe'r cent, pe-r annum simple 
inte*rest. 

10 . A man inv(*sts .£872 at 0 per cent, per annum for 73 
days, and calculates the interest to which he is entitled by 
multiplying the ])rincipal by the number of days and dividing 
by 6000. What error does he make ? 

11 . A man bought 10 (lerman pianos, paying a duty on 
them of 25 per cent., and sold them at a loss ol 5 per cent, on 
his total cost price. If he had sold the lot for £30 imn’e, his 
profit would have l)(*en I per cent. What did the (Tcrman 
manufacturer obtain for the pianos ? 

12 . A pile is driven into a river bed ; J is in the mud, 
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J is in the water, and 6 ft. 3 ins. is above the water. If the 
pile is driven lialf as far again into the mud, how much now 
remains above the water ? * 

13. During a sale a cycle dealer allows 20 per cent, off the 
marked price of each cycle. His profit is then 15 per cent, 
on his outlay. At what price must ho mark a cycle which 
cost him .£0 ( 

14. £150, 8s. Od. is invested for 3 years at per cent, per 
annum. What is the total amount that will be drawn at the 
end of this tiiiu' if simple interest is paid ? 

15. If tea cost 2s. (id. a lb., for what sum must 1 cwt. be 
sold so as to make a piotit of 12| per cent, on the cost 
prici‘ 'i 

16. A lady left £12,084, 3s. Id. to bo divided between her 
daughters in tlu* ratio 2 : 3. Find each daughter’s share. 

17. Divide £5. 5s. Od. betAve(m A and B, so that when A 
gets 17s. (id,, B gets 12s. (kl. 

18. What sum must be paid to insure a cargo of £500 at 
3 1 per cent ., so that in case of loss both the value of the cargo 
ami premium may hi re(H)V(‘r(‘d ? 

19. Of 54,000 voters, *37 voted for one candidate and *28 
for the olher. How many did not vob^ ? 

20. If 415 galls, of spirit is diluted with 115 galls, of water, 
find the percentage' of spirit and of water in the mixture. 


The Metric System of Weights and Measures 

The ]VJ(!trie System is so called from the metre (French, nidtre). 

Metre the unit of hrujth ; supposc<l to bo equal to 'i ddibodkk) 
of tile eartb s quadrant. 

Litre -7/ic meit of capacity ; the volume of a cubic decimetre of 
water at ( *. 

(b’am the unit of ivcight ; the weight of a cubic centimetre of 
water at 4*^ 

For ordinary purposes the Kg. is treated as the unit of weight. 

Are the unit of surface ; a square Dekametre, i.e. 100 sq. metres. 
Store- 4/^e unit of solidity ; a cubic metre. 

The relation of tiie various units is shown in figure 1. 
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The Metric Tables 


Kilo* 

-=1000 

llokto 
- 100 

Heka 

-.10 

Unit 
= 1 

deci- 

^ 10 

centi- 

1 

1 (M) 

milli- 

1 

~ 1 1)00 

Kilo- 

Hekto- 

Deka- 

Metro. 

(loci- 

(‘(uiti- 

milli- 

loot re. 

metre. 

metre. 


met re. 

metre. 

met 

Kilo- 

Hohto- 

nieka- i 

Litre. 


cent i- 

milli- 

litre. 

litT‘0. 

litrt\ 


litre.. 

litrc!. 

litre. 

Kilo-~ " 

Hekto 

l.)eka- 

Cram. 

(leei- 

C<Mlti- 

milli- 

gram. 

gram. 

gram. 


gram. 

gram. 

gj-am. 


100 S(^uaTo motros — 1 Aro. 

100 Kilograms ~1 Quiatal. 

1000 Kilograms -- 1 Tomio. 

I Kilolitre-^ I ( *ul.)ic metro —I Store. 

1 Litre — 1000 Cubic centiMU'ti'os. 



r — ^ 

1 



rt weighs 

1 Litre 

1 ... 

7 

of 

occupies zne 

1 


1 Kilogram 

Water 

at4°C 

space of 

1 

y 


I Cubic Decimetre 

Fks. L 


Approximate Kquivaletds 



1 1 cm. 

01 ins. 

1 in. 

2.7* 1 nini. 

l/inoar measure 

. 1 metre - 

3I1-37 ins. 

1 ,V,1. 

O'tM 1 melre. 


U Km. 

0 ()2 miles 

1 mile 

l-(i Km. 


1 1 S(j. metre 

1-2 S(|. yds. 

1 S(|. in. 

<)• 15 S(j. cm. 

Square „ 

■ 1 1 Are 

1 1;M) s«|. vds. 

1 acre 

0- 1 Jleklare. 

Unble ,, 

. 1 c.e. 

O-Oli c. in. 

1 e.i.in. 

UM e.e. 

Ca])a<dty 

. 1 litre 

l-7t> pinis 

1 gall. 

1-5 litres. 

VVeiglil 

. 1 Kg. 

2-2 lbs. 

1 lb. 

0-15 Kj,. 


Exkrcise () 

[Use the approximate ecjuivalents given above, and give answers eorri>ct to 
two decimal places only.l 

1. A cyclist travels 500 ni. a minute. Express this speed 
ill miles per hour. 

2. Find the number of litres in a cubic foot. 
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3. Wiiai is tho acreago of a licld 127*3 rn. by J37-8 m. ? 

4. Find, in gallons, the amount of water in a tank 31*3 dm. 
long and 29*2 dm. wide, if the water is *571 m. in depth. 

5. A merchaTit buys 1800 Kg. of metal for £51, 9s. Od. For 
what must he sell it to gain Id. jhm* lb. ? 

6. The speed of an aeroplane is 75 miles per hour. Find 
its speed in metres per secojid. 

7. Tli(? diameter of a halfpenny is 1 in., and of a franc 2*56 
cm. By how many centimetres does tlie distance covered 
by 398 francs t“X(^(H‘d that covered by 398 halfpennies when 
the coins aie laid in a row. Hat and edge to edge; ? 

8. A block of granite was ordc'red by a French linn from 
aji English (piarry. 'Fhe order was gi\'en for a block 
4 m.x4 m. X I m., but the mason cut the block 4 yds. X 
4 yds. X 1 yd. How many c.c.'s was the block too small ? 

9. On a long march a soldier must carry a pint of water 
for each 40 miles. How many litres must he carry on a 
march of 49 Km. ? 

10. VVliat is the diamehM* in inches of a cii’clc whose circimi- 
fenmee is 10*41 in. '( 7r-^3*J4. 

11. To what depth in cm. is a skating rink Hooded if its area 
is 1 acre and 500,000 litres of water ai‘(* contained in it ? 

12. A concrete ])ipe has an internal diam(*ter of 3*5 m., and 
it is 800 111. in length. How' many gallons of wal(;r does it 
hold when it is full ‘t 7r--^3*14. 

13. How many c.c.'s. of wood an* there in a clos(‘d box whose 
external dimensions are 12*7 ins. xO ins. x 3*3 ins., and internal 
dimensions are 12*1 ins. X 5*0 ins. X 2*9 ins. 'i 

14. A piece of masonry 28*5 yds, X 13 yds. X 0*2 yds. is 
lowered into a rectangular reservoir 98 m.Xl59 m., in which 
the wat(*r is 44 in. deep. Find, to the nearest centimetre, how 
much the water will rise. 

15. I was w^eighed in England befon; my holiday, and weighed 
8 stone. After a month in Switzerland 1 weighed 51 Kg. By 
how many lbs. had my weight inci’eased ? 

16. A new railway in South America was 120 Km. long. 
A British tirm contracted to build it for £537,500. Find the 
cost per mile in English mi'iiey to the nearest sovereign. 

17. What is the weight in Kg. of 3*5 cm. of rain on an area 
of 2500 sq. m. ? 

18. A tank is 5*5 m. long and 4*4 m. wide. When it con- 
tains 1230 litres, how deep is the water in the tank ? 
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Decimalisation and De-decimalisation of Money 

Shillings^ Sixperices^ Threepences, Ninepences 
The pujDil must romombor that 

ls.-:£ 05; (id. = £-025; 3(1. --=£*01 25 ; yd.-:£-037r>. 
Thoroforo, when (Jocimalising we may oxpr(3ss : 

(i) Shillings iis hundredths of £l by multiplying by 5, 

e.g. 17s. — £17 X'05— £-85(or I7s.-— - — £-85). 

(ii) Amounts such as Os. (id., 1 3s. (id., as hundredths of £1 by 
multiplying the sliil lings by 5 and adding £-025, 

e.g. 13s. (id.--£13x (t5 ! £*025--£-(i75, 

£13x5 

or I3s. (id. ! £ 025^£ (i75. 

(iii) Amounts su(;h as 7s. 3d., 1 Is. 3d., as hundredths of £1 
bv multiplying tla^ shillings by 5 and adding £-()125, 

e.g. 7s. 3(1. --£7 >: -05 1 £ 0125-=£'3(i25, 

£7 X 5 

or 7s. 3d. --y- I £-()125 = £-3ti25. 

(iv) Amounts such as 3s. Od., 14s. Od., as hundredths of £I by 
multiplying the shillings by 5 and adding £-()375, 

e.g. 3s. 0d.-£3 .-.•05 r- £4)375 -=£• 1875, 

or 3s. i £-0375.^- £-1875. • 

(.'onvorsely, we may de-di'cimalise such ainounts by dividing 
the total numl)er of hundi'( 3 dths by 5. 'riiis (piotient (‘(^presents 
the siiillings, and the remainder indicailos the pence, 

35s. 

e.(/. £-35 ■— — cs. 

£-375 -=7s. i £'025 —7s. (id. 

£'3(i25-7s. i £'0125-7s. 3d. 

£-3875-7s. I £'0375-7s. Od, 

Exercise 7 (Revision) 


1. Express as a (h'ciinal of £1 : 


(a) ,15, l().s. Od. ; 

£7, ir)S. Od. ; 

£3, 5.S. Od. ; 

£1, 1 is. ai. ; 

,£2, 18s. Od. 

(/g £8, Is. Od. ; 

.£5, (i.s. Od. ; 

£1. I().s. (Xl. ; 

a, 2.S. Od. ; 

£2, 12s. (HI. 

(r) £1. Is. Od. ; 

£3, 3.S. Od. ; 

.£5, 5s. (XI. ; 

£7, 7s. (Hi ; 

£0, Os. (HI. 

(d) £11, lls. Od. ; 

£10, lOs. Od. ; 

£17, 17s. Od. ; 

£13, 13.S. (HI. ; 

£8, 8s. Od. 

2. Express 

as a decimal 

of .£1 : 



(«) 2s. Od. ; 

Ts. (id. ; 

12s. (id. ; 

17s. (id. ; 

(id. 

(/;) £1, 10s. (id. ; 

£2, iHs. (id. ; 

£3, l(is. (kl. ; 

£1, 15s. (id. ; 

£5, 14s. (id. 

(r) £(), 13s. (id. ; 

.tl7, 1 Is. (id. ; 

£0, lOs. (id. ; 

£5, Os. (id. ; 

£4, 83. (id. 

(d) 68. (mI. ; 

5s. (id. ; 

4s. (id. ; 

3s. Od. ; 

Is. (id. 
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3. Express in £, s. d. : 


(a) £0-5 ; 

£0-25 ; 

£0-75 ; 

£0-325 ; 

£0-875 

(6) £0-(i25 ; 

£0-375 ; 

£0-125 ; 

£2-55 ; 

'■£2-8 

(c) £1-2 ; 

£2-3 ; 

£3-95 ; 

£1-1 ; 

£4-9 

(d) £3-15 ; 

£8-4 ; 

£2-85 ; 

£0-6 ; 

£7-7 

4. Express in £, s. d. ; 




(a) £2-025 ; 

£3-i)7r> ; 

£1-075 ; 

£3-325 ; 

£1-925 

(b) £3-575 ; 

£2-275 ; 

£3-825 ; 

£3-775 ; 

£3-075 

(c) £4-525; 

£3-475 ; 

£2-425 ; 

£0-225 ; 

£0-175 

(d) £8-8 ; 

£9-!) ; 

£10-1 ; 

£12-2 ; 

£9-75 


Exehci.sic 8 


1. as 

(a) £3, 5s. 3(1. ; 

(b) £4, 11s. 9(1. ; 

(c) £1, 13s. 3d. ; 
((/) £2, Os. 9(1. ; 


a. dcMainal of £1 : 

£4, 7s. 9(1. : 
£2, Is. 3(1. ; 
£7. 17s. 9(1. ; 
£1, 17s. 3(1. ; 


2. Express in £, s. d. : 

(a) £3-025; £1-4125 ; 

(/)) £0-375; £2-2875 : 

(c) £2-0875; £1-3125; 

(d) £3-2125 ; £0-075 ; 


£2, 13s. 3d. ; 
£2, 18s. 9d. ; 
£9, 9s. 9d. ; 
£3, I Os. 3(1. : 


£3-725 ; 
£1-9(525 ; 
£0-225 ; 
£0-8375 ; 


£1, 19s. 9d. 
£5, 15s. 3d. 
£2, 2s. Od. 
£1, 18s. 3(1. 


£0-9875 

£3-325 

£0-5125 

£0-4125 


Approximate Results 
id.-£,L,-£HAHr! £.,,^00- 

If, then, w(^ e.xpmss jd. ns £*()01, tlio cixprossion is too small by 

£ ' - 
1 ono- 

Wo may use this fact thos : 

Example. Express £‘b 13.9. \)\d as the decimal of £1. 

£3 --£.3. 

1 3s. ^ £0*(}r). 

9|d.-39 f.- £0 039. 

£3-(>89. 

And this is too small by £.j|o'„o, i-e. £-00 1(325, i.e. l-5(;l farthings. 

If W(3 study the errors occurring by the abov-o inotlnxl we can 
obtain a rule for d(.'cirnalising any sum eorr(3ct (o tlinx’i d(ximal 
places. 
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11 farthings — £-01 l.Vj =£-01 1 correct to 3 placas. * 

12 „ -£()12A|-£013 „ 

13 „ -=£-013.[v = £*014 „ 

35 farthings -- £-035i; j =^£-03(> correct to 3 placas, 

30 „ -=£-031):]«=:.£.038 „ 

37 „ =-£-037:];-:£-()39 „ 

The rule follows, namely, 

1. Express pounds and sliillirigs as already shown. 

2. Reduce pence and farthings to farthings and express those 
as thousandths of £1, but, correct hy adding 1 for num])ers above 
11 and by adding 2 for numbers above 35. Add. 

Example. Express £2, 13s. lOfd. ns the decimal of £[. 

£2, 13s. Od. -£2 ()r) 

102d.-43 f. (add 2)^-^ £0-015 

£2- (105 

Conversely, by studying the decimals £-013, £-014, £-038, £-03{), 
we obtain a rule for de-<h‘cimalising lo tlu^ n(^arest farthing, t hus : 

!. Divide the total number of hundredths to find the shillings. 

2. Carry the remainder (if any), as in dixision, to tlie next 
ligure, This gixes the? fartiiings, but, corri'ct by snbtracding 1 
for numbers al)Ove 12 and by subtracting 2 for nunibers above 
37. Add. 

Example. Express £3-942 as £, 6-. d. to the nearest farthing. 

£3 £3 

•94 f- 5 -r IS 0 

Remainder is 42 and (42 — 2) f.— 10 

£3 18 10 


Kxercise 0 

1. Expre.ss as a decimal of £1 corr(u4. to three decimal 
places : 

(а) £1,’ 7s. 35d. ; £3, (>s. 5ld. ; £2, 1 9s. 2.01. ; £8, l.'ls. <)0l 

(б) £2, 18s. 401. ; £1, 9s. 4|d. ; £3, 13s. tijd. ; £12, 12s. 10^1. 

(c) £3, 19s. 9|d. ; £2, 18s. S^d. ; £7, Us. ll^d. ; £3, 15s. 4id. 

(d) 18s. (%J. ; £5, Is. lUd. ; £0, 2s. 7Id. ; £0, 3s. lOid. 

2. Express as £, s. d. correct to the neare.st farthing : 

(а) £1-879 ; £0-777 ; £0-111 ; £2-379 

(б) £0-123; £2-930; £1-270 ; £3-006 

(c) £0-507; £3-81 S; £5-385; £0-808 

(d) £0-389 ; £5-325 ; £2-477 ; £1-998 
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3. Hind the price of 5000 volumes at an average cost of 
£3, lOs. 6d. each. 

4. Express decimally (correct to three plac;es) the^ fourth 
part of £13, 17s. 4fd. 

Exact Results 

£4i 

Since Id. =£. 2 }^, — — £-004 flieii, any iiiiinbej' of [)onee 

may bo expressed exactly as £’s by multiplying the pence by 
and stating tlio result as tbousandtbs of £1. 

Examples. Express as exact decimals of £\. : (a) J., (6) 8if/., 

(c) £3, 17.S. Hid. 


(a) r)»(l. 

-- a-75x4 

plus 5-75 ;-<i 

-£•023 

£-0000583 

-.£•0230583 

(b) 8.1d. 

-- 8*5 <4 

plus 8‘r>-;-o 

-£■034 

-£•001410 

£*0354 1 () 

(c) £3, 1 

7s. Od. 

--£3*85 

lljd 

11*25x4 
plus 11*25 : 0 

-£ *045 
-£ *001875 


£;b8yi>875 


Exercise 10 

1. Express as exact decimals of £l : 

(a) £3, 3.S. 11 |d. ; £4, 15s. I0|<1. ; £1, 14s. 9|d. ; £2, 2s. 2Ul 

(b) Ms.iild. ; Ills 8Jd. ; J3s. 5.Jd. ; 12s. 4|d." 

2. Kind, to the nearest farthing, the sum of *844 of 10s. ; 
1*434 of 2s. Od. ; *21 of 5s. 

3. Find, to the nearest penny, tin; sum of 

(a) *8 of £3 ; h of *75 of 2s. Od. ; 2*2385 of Os. 8d . ; i of £*903. 

(b) i of £*833“; | of £9*031 ; | of £18*027. 

4. If 2000 ozs. of gold are worth £9788, (ind exactly in 
£, s. d. the value per oz. 

5. Express as an exact decimal of £1 the value of a fifth 
part of £13, 17s. 4Jd. 

6. Find the cost of 1(K)0 cwts. of tea at £11, 18s. 9d. per cwt. 

7. Find the cost of 500 firkins of butter at £3, 13s. 9d. per 
firkin. 

8. Find the cost of 20,000 sacks of flour at £2, Is. Od. 
per sack. 
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9. Find tlie cost of 400 kms of coal at 38s. 10|d. per Ion. 

10. Ijjind the cost of 30(X) ac^rcs of land at £20, 14s. 6d. 
per aero. 

11. Find the cost of 1000 articles at (a) 2s. 6d. each ; 

(6) 4s. Od. each ; (c) 12s. Od. each. 

12. Find iho cost of 1000 articles at (a) 3s. 9d. each ; 

(6) 7s. 9d. each ; (c) 14s. 9d. eaeh. 

13. Find th(' cost v)f 1000 articles at (rt) 3s. 3d. (‘ach ; 

(b) 15s. 3d. each ; (c) 19s. 3d. each. 

14. Find the cost of 750 bicvcles at £5, I Os. Od. each. 

15. Find tlie value of 4000 blankets at 14s. lOJd. each. 

16. A town had a rateable value of half a juillion £’s. Find 
the amount r(‘ceived when the rate Avas Us. 5|d. in the £. 

17. Mr Kay bought 500 shares at lOs. each and sold them 
at 4s. OJd. each. How much did he lose ? 

18. When tlu^ value of a dollar is 4s. IJd., tiiid the worth 
of 10,000 dollars in English monev. 

19. A ni(u<!hant bought 1700 metres of silk at 7s. 9d. a metre 
and sold them at 9s. 1^1. ])er metre. Fitid his prolil. 

20. Find the interest on £30,000 for a year at £4. 15s. Od. 
per cent, per annum. 

Ratio 

(i) The I'utio of a to b is expressed thus, a: b. 

(ii) 'riio ratio of £5, lOs. Od. to 15s. is or Hr. d’liat is, 
£5, lOs. Od. is times 15s. .And the ratio of 5 tons 10 cwts. to 
15 cwts, is similarly or Thus, we set^ that a ratio is a 
minibor and is indoj)cndent of the kind of (juantilies comj)ared. 

(iii) Mutual ratios ])otween iiiore than two quantities of the 
same kind may be cxpressml. 'riius, 5s. : 3s. Od. : 2s. Od. — 10 : 7 : 5. 

Example. Divide £5, 15s. Od. into three parts in the ratio 
10: 8: 5. 

The total number of units— 10 j 8 ; 5 - 23. 

The first part — of £5, 15s. Od. — £2, 10s. 0<1. 

The second part — of £5, 15s. Od. ^-^£2, Os. Od. 

'riie third ])art — .j’.j of £5, 15s. Od. — £1, .5s.. Od. 
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, 1 

. 9 

40= 3 ’ 

(^.) n-3 ; 

(/) T 5 

% 

4 2- 

( 9 ) 3 =-; 


« n 

2. Mr J.’s salary is to Mr R.’s as 7 : 5. 

If Mr R.’s salary is 

i55, find Mr J.’s. 


3. Expn'ss the following ratios in their 

simplest forms : 

(«) 

(b) H : ; 

(c) 9| : 5i ; 

(d) 4^,v : ; 

(f) : \r,al > ; 

if ) ; I*//- 


4. Find the imiltiplying factor which increases (rt) 5 in the 
ratio 8:4; (b) £2 in th(i ratio 5 : 0 ; (c) £10 in the ratio x : ?/, 
and state the increased amount. 


5. Increase (a) £50 in the ratio 2:3; (6) £120 in the ratio 
3:11; (c) £200 in the ratio 5 : 1). 

6. Find Ihe multiplying factor which increases {a) 40 to 45 ; 
(6) 70 to 80 ; (c) 00 to 1'20. 

7. Find th(‘ niulti]>lying factor which di'creases (a) 72 to 15 ; 
(6) 30 to 22 ; (c) 105 ‘to 0. 

8. Tom’s marks in an i^xaminatJon wer(^ increased from 
125 to 14t). What is the increase ]H‘r 100 

9. Ben’s weekly wages were iner<‘ased from 25s. to 27s. (id. 
To wliat amount should Tom's wages of 22s. (id. be raised to 
maintain the sam(‘ ratio 'i 

10. Father’s weight decreas(^d from 12 stone 2 lbs. to 11 
stone (i lbs. If his son weighed 7 stone 4 lbs. and this decreased 
in the same ratio, find the son’s new weight. 

11. The poj)ulation of two towns increased in the same 
ratio. The population of the first increased from 85,000 to 
95,000. To what number did the second increase- from 71 ,400 ? 

12. Divide £100 among A, B, C, so that B m;iy have three 
times as much as A, and (.’ four times as much as B. 

13. A, B, and C are partners in a business. The total 
capital is £20,000, of which A owns B I , and C the remainder. 
The ])rolit for a year is £1400, and is divided in the ratio of 
the amount of capital owned. How much of the profit does 
each receive ? 

14. Divide £55 into parts whose mutual ratios are 2] : 1 J : 1^. 

15. Express in the simplest form : {a) 3ii : 4J : 2^ ; (6) 

(c) 5^ : 7} : 9^ 104. 

16. Ml’ Brown’s salary is reduced by J. What fraction of 
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his new salary must bc' added to increase it to its orij^inal 
amount ? 

17. .B>ivide a line 4.1 ins. ionjjj i?i Die ratio 2:3: 4. VVliat i.s 
the length of (s'lch part ? 

18. A UKTchant lost J of liis stock aiul then found that the 
rcanainder was worth £20,300, 13s. Od. What was th(‘ worth 
of the original stock ‘i 

Exercises in proportion may })e worked !)y means of ratios, 
Dms : 

Example. If 25i yds. of velvet cost £14, l.'ks, 'M., find the cost 
of 13.^ yds. of such velvet. 

44 le cost of 13.i yds. 13] 

Tlie cost of 2o\ y<ls. 25] 

13.' 

Tlie cost of 13] yds. ---J ;<£14, 13s. 3d. 

27 

— X £14* 01)25. 

51 

— £7*7025. 

-£7, 15.S. 3d. 


Exercise 12 

1. When a train is timed to do a journ(‘\ of t)2| miles in 
2 Ill's,, lind the average sptrd in feet piM' s(*cond. 

2. If 275 tons can lie sent by railway a certain distance for 
£3S5, what will it cost, ad th(‘ same i-ate, to send 105 tons th(i 
same distance ‘i 

3. A tradesman is allowed 7] per cent, discount for cash, 
and so l.)uys his goods for a net price of £510. 15s. Od. What 
would he have had to pay if he had not Imhui allowed discount. ? 
(five your answer to the nearest shilling. 

4. Two pipes, A and B, can fill a tank in I.] hrs. when run- 
ning together. A can till it in 2j hrs. when running alone. 
Both pipes are s(4 running for 20 minutes and then A is stopped. 
In what time will B tinisli tilling the tank i 

5. If lemons wori; bought at 5s. (id. For 120 and sold at 
Os. for 100, and a prolit of IM, 5s. Od. was made, how many 
were sold ? 

6. By buying bananas at 30 foj- 2s. Od. and selling them at 
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2s. 3d.’a score, a trader gained £2, 6s, 6d. Find the number of 
bananas sold. 

7. A C3^clist travels 10 miles per hour, whilst a i^iotorist 
travels 25 miles per hour. If the (jy'clist has a start of 18 
miles, how mauv miles will the motorist have trav('li(*d when 
he overtakes the cyclist ? 

8. Whtai are the hands of a olocik exactl\^ togetiier betw(‘en 
(a) 3 and 4 o’clock, (b) 7 and H o’clock, (r) 0 and 10 o’clock ? 

9. £385 was shared amongst A, B, and 0, so that B had 
I of A’s share and ( - had as much as A ajid B togi'ther. How 
much did each receive ? 

10. If 54 men can mend of a road in 2J days, how miadi 
longer will they take to com[)lete the ^\()rk il the\' continu(‘ 
at the same rate ? 


Specific Gravity 

'Iho 8pceili(^ (Gravity (8.(k) of a siibstaneo is the I'atio of Mio 
weight of the substance to the w('ight of an espial volume (jf water. 

Example. Find the. S.G. of pure lead, haring given that a .sample 
of pure lead weighs 22*72 grams and an equal volume, of water 
weighs 2 g^ams. 

^ \\'(*ighl of load 

* * W ciglit of an e(pial volume of water' 

22-72 grams 

_ _ 

2 grams n— .■ » 


EXKRdTSK 13 

1. What is the weight of a square decimetre of slu'ct iron -3 
cm. in thickness if the 8.G. of iron is 7-2 'i 

2. Given that the S.G. of rock ciystal is 2-()5, find the weight 
of (i) a cube of this substanc(^ having an edgt^ 3 cm. in length ; 
(ii) a prism of the substance 4 cm. x3 cm. X 2-4 cm. 

3. A cubic foot of water weighs 62*3 lbs. and a cubic foot 
of zinc weighs 428 lbs. Find (i) the S.G. of zinc, (ii) the 
weight in lbs. of a tray made u]) from a sheet of this metal 
6 ft. X 2^ ft. X J in. when <3‘i. ft. is wasted in the manufacture. 
(Answer correct to two places of decimals.) 

4 . The S.G. of turpentine is *88. Find the weight (in lbs.) 
of water contained in a vessel which, if Idled to the same depth 
with turpentine, would contain 55*35 lbs. of liquid. 
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5. A plate of iron 290 cm. X 185 cm. x22 mm. weighs'849-8 
Kg. Find (i) the S.G. of this iron, (ii) the volume of such 
iron whkdi would counterbalance a kilogram of wat('r. 

6. A rectangular pedestal is 5 ft. X 04 ft. X 4| ft. If the 
S.G. of the stone forming the ped(‘stal is 2-4, lind its weight 
in tons (1 cu. ft. of water weighs 02*3 lbs.). 

7. A tank, 25 decinu-itres long and 1 4) metre broad, contains 
1080 Kg. of mercury. If the S.O. of iiKircury is 113*5, find the 
depth of th(^ liquid. 

8. A tank 3 ft.x2.J ft. x4]; ft. holds 1985*8 lbs. wlum Oiled 
with fn^sh watcu*, and 2019*5 lbs. wlum Oiled with sea water. 
Find the S.(l. of s(‘a water. 

Proportion 

When eonsidei infjf I'atio wo c(.)?u])are one qiiiuitity witl) another ; 
wh«m considering ])ropoi'tion we fiuike a statement of the e(|uality 
of ratios. 

ddie x'ulue of the ratio 8: 2-^ r; ^-4. 

„ 12 : 3--';}: . 4. 

.*. 8:2 -12: 3 (»r 

This (‘({iiality of ratios forms a proportion and may })e*ex])ressed 
thus : 8 : 2 : : 12 : 3, and is rtuid : 8 is to 2 as 12 is to 3. 

Four quantities arc* said to bc^ in |)roportion wlien thcc rc^laticjii 
wliicdi the first bc^ars to tlu^ sen-ond is the*, saiiu^ as that winch tlie 
third Invars to tlic? fourtli, e.tf. 

21 : 14 .* : 30 : 24, for pj ami both -;j. 

and 35 : 15 ; : 21 : 0, for y;!; -- H,' and both 

The fii’st and fourth of t h(> four terms arc< known as the extremes, 
and the second anil third are known as the means. 

1st term 2nd term 3rd term '4th term 
21 : 14 :: 30 : 24 

^ X Means 

KxtrciiHW 

When four terms are in ]>roporlion, as above, the product of 
the moans -the product of the extremi^s. In the last example 
21 <24-- 14x30-504. 

We may show it generally thus : 


2 
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Mii.tiply, as before, }>y tl»o product of tlic dcuominatoi*s. 
axh-xd cxbyd 

Ihen 

ad—cb. 

Tiiat is, tbo ])ro(Ju<!t of the means -the ])i(uliiet of tlio oxtrojnes. 

From tliis statement we may fiiaJ any one of the missing tonns 
of a ]iiT)jK)rtion'. 

KxiunpU. Find the miasing term in the proportion : 

:»:G4::3(>:512. 

512a?- 3(*)XtU 




’+28-2 


-4L 

( '] »eek : 4 • X 5 1 2 30 v 04 - 2304 . 


ExKK(!ISIC 14 

1. Wlint immlxT bears to 05 tb(‘ same ratio tiuit. 4J- bears 
to 6^ ? 

2. Find the fourth ])roportioual to : (i) 8, 17, 34f ; (ii) 2-8, 
23, *315 ; (iii) f, ; (iv) 50, 400, 030. 

3. Fill in the missing items in I Ik* following pro] )ort ions : 

(i) £8: £5, lOs. Od. ? : 28 tons. 

(ii) 21 lbs. : ? :: 9s. : 13s. 9d. 

(iii) 8 lbs. : ? ? : 18 lbs. 

(iv) 1 ft. : ? :: 5*8 m. : *58 Km. 

4 . Seven men and 3 boys finish a piece, of work in 18 days. 
How long will it take 9 ?nen and 14 boys to do the work if 
one man’s work is equal to the work of 3 boys ? 

5 . The ratio of a metre to a yard is 219 : 2(t0. Using this 
fact, find tin* distance to the nearest yard equivalent to 3900 m. 

6. The tax on certain goods is assessed at 0|d. in the £. 
Find the tax due on goods worth £57, 12s. 6d. 

7 . The (;xtension of a spring is directly proportional to the 
force applied. When a spring stretches 2-5 cm. by the applica- 
tion of a force of 5 Kg., what force must bo applied to stretch 
the spring 3*5 cm. ? 

8 . A wheel having a diameter of 3 ft. 6 ins. travels If miles. 
How often does it revolve ? Find by proportion how often 
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a whool with a diameter 5 ft. 3 ins. would revolve in tra#elling 
the same distance . ( tt = y . ) 

9. WMien 1 ton of cabbages cost £2*25, find the cost of 5*05 
cwts. (live the answer to the nearest penny. 

10. A snail starts in the morning of 1st August to climb 
a wall 10 ft. high at the rate of I J ft. j)er day, but dur ing each 
night it slips down 5 ins. (^n wliat date will it first reach the 
top of th(^ wall 

Uxi'mcTSE ir> 

Say why the following (piestions cannot Ih* answ(a(*d : 

1 . A man who talu‘s a preliminary run of 10 yds. can jump 
15 ft. ; how long will be his preliminary run in oid(M* to jump 
100 yds. ? 

2. The first four chapters of a book are printed on 52 pages ; 
liow many pages will be required for eight chapters ? 

3. A boy 5 ft. in height weighs 7 stone fi lbs. ; how tall will 
he be when he weighs 1 1 stom^ ? 

4. A fisherman lands 10 fish in 20 mins. ; how many will 
he land in an hour ? 

5. A girl skips 35 times in half a minute ; how long will 
she take to ski}) 1000 times 't 

6. A boy spends 10s. during a month’s holiday ; how long 
will it take him to s}jend £100 ? 

Compound Proportion 

The equality of the ratio of two quantitiw to the ratio of two 
other quantities is known as Simple Proportion ; but when a 
third ratio is introduced we speak of the o(|uality as Compound 
Proportion. 

Exani'pU. If 32 7nen can build a wall 0() yds. long in 4 days, in 
what time could 18 7mn build a wall 540 yds. long, working at the 
same rate ? 

Wo reason thus : 

(i) If the length of tlio wall remain constant {.say 0() yds.), and 
tlie number of men is decreased to 18, then the time will lu^ in- 
creased in the ratio 18 : 32, that is : Time -^4 <la vs. 

(ii) If the length of the wall bo now increased fiom iM) yds. to 
540 yds., the time will again be iiKU'easod in the ratio 00 : 540. 

.’. the time required = 4 X X 
— 40 days. 

Graphical Illustration. — A rectangle AB(II) (Hg. 2) has an area 
of (15x10) squares. When the length AB is increased in the 
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ratio 3^: 5 ami tlio altitiido Al) is incnuLSod in Mio ratio 2 : 2, vvliat 
is tlic area of t he now rectangle ? 

(i) A\’Jien AJ> is increast'd in tlic ratio : 5 it hocorru^s AK, and 
llie fijst new -foctangle })efornes 
AKEIJ, wliieli ----5 of ABt^D. 

(ii) When AD is increased in 
t!uf ratio 2 : 2 it lujcoines AO, and 
Die final ik'W n'ctangle })eeo]n(v< 
AKHO. of AKFD, 
of AHt’l). ‘-2! times A BCD". 
CIks-I-: : B(?(‘(angl(> ABC!) con- 
tains 15(1 squares. 

A BE Bectangle A I^H( J eon- 

PjQ 2 tainsiDnsqiiaies. I’.e. 

2.] tioK's I50squM.?’(‘s. 

Exi)R(’ise 1(> 

1. Niaet y-('igli( men wralung 0 lirs. ]K‘I‘ day can puni]) a 
mservoir dry in (>0 days. If lh(‘ ninnlu'i' (»f men were iiuM'c^ased 
by 100 and the working day (h'ereased by 3 hrs., how long 
sliould tile work Iasi ( 

2. Thre(' men earn £JS in 20 days. How many men working 
at tile sath(‘ rate of pay can earn 20 gnineas in lo days f 

3. Tn making a book of 00 pages 122 reams of pajx'r arc' used 
for 1200 co]>ies, if twice as many co[)ies wen' issiaal, and the 
nnmber of pages decreased by 24, liow many leains would 
th(‘n b(i r(‘q aired ? 

4. If 0 men can do as mucJi woi k as 7 w'omen or as 8 boys, 
how many lioys must he’j) 20 men and 20 women to tio in 
0 days the work which it takt'S 100 boys 8 days to do ? 

5. A 5-11). loaf costs Is. lid. when wlnait is £5, 2s. Od. ])er 
quarter. What is the prices of wheat wJien a 2-lb. loaf 
costs 5 id. ? 

6. How far should 70 cwts. be carried for £27, 10s. Od. if 
20 cw'ts. are carried 17 miles for £(>, 5s. 9d. ? 

7. A regiment of 17(H) men has provisions for 14 weeks. 
More froo|>s join th(‘ regiment and no extra provisions are 
allowed. If eacL marvs ration is redu(;ed in tlic ratio 6 ; 5, 
the provisions will last 10 weeks. How many men join the 
regiment ? 

8. A steam turbine works at 4800 hors('-pow'(‘r and consumes 
450 tons of coal in a w'cek. Kind (in lbs.) the consumption 
per houj' per horse-power. 
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9. In a worksliop 500 men were eniployi^d, the working 
hours p(*r week being 44, and tiie weekly wages amonntetl to 
£1337, M).s. Od. At a later period 100 extra men wi‘re. employial, 
and all the nieji worked overtime for 2 Ins. per day oji 5 days 
of the week, this being paid for at l.J times the usual rate. 
If all the men W(n*(‘ paid alike, cakndate tin* total wc'ekly wages 
during this later period. 

10. If 750 Ivg. can be carried by rail a distance of 350 Km. 
for 000 francs, foj* what distance (^•^u H50 Kg. be carried for 
750 fran(?s ? (Give the answer to tlu* nivirest Km.) 

Also find, to tlu' nearest fraTie, the (‘orresjxmding efiai'ge 
for th(5 carriage of 1000 Kg. a distanet* of lUOO Km. 


Percentage 


Wluai two {(uaiilities a?*o ox|jrcssed as a ratio, ejj. 4 : 5 or i, we 
may transform llu' fi-act ion so that tlu5 d(‘nominalor is iOO. i’he 
ratio is tlK.'ii said to he e\prof>s<.‘tl as a percc'iila'^e, 'rtuis i - 
and so wo say that 1 is t he same' es SO per e(.‘nt. 

Example /. Express as a perventape. 

Let .c— rate per ecait. 

Tlieii X V 

lot) "" 32 * 

.c -y, too -21' .-. jiat.*.-21' percem. 

Example If. Whaf percenJape of Ions is 7 rwfs. ? 


(avts. 7 / 


100^ p(U‘ eoad. per e<!nl . 


Nxamplc. III. Of ivhat namher is 18 — 3 per rc.iif. ? 
Let X -the nmiibi'r. 

Then 3.<; 


too 


---18. 


000. 


Commission is an alluwancc jt.iiil to an a^t-iil, lor l ai-rviii'' duI. u luisinr.ss 
traiisac-tioii. Jt is ^^cuoially caU-uIated on the arnuinit nt nniiM*y sjmmM. 
Brokerage is the donnnissio?! charged hy a Ornker. 

A premium is a sum paid juTindhraily tu an itllicc fur insnrance, c.y. against lire 
ur loss of life (U’ pruperty. 


ExKRtUSK 17 

1. Find (eorreet to 3 placets) tlw^ pi'reetitages e([ui valent to : 

(i) i(ii) r,-,.(iv) i',, (v) ,':,, (vi) 

2. Find the fractions ccpiivalcnt to ; 
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(i) per cent., (ii) 12J per cent., (iii) 33J per cent., 
(iv) per cent., (v) -I per cent., (vi) G3J per cent. 

3. What is the sum of which 63 per cent, amounts to 
£27, Jos. 6d. ? 

4. Wlnat percentage is £61, 12.s. Od. of £1155 ? 

5. An agent is paid 2] per cent, commission for collecting 
rents. If the nmts amoniit to £582, how much commission 
does h(' recei\'e ? 

6. In moasm ing a furlong the hmgth is measur(Kl 4 ins. too 
Jong. Eind th(^ ei r'or as a percentage of the correct length. 

7. In 1600 th(‘ pr)|)uJation of a town was SoOO. In 1925 the 
])o]mlatiou was 9465. Eind the increase as a percentage of 
the population in 1900. 

8. A regiment lost y of its troops as casualti(\s and 5 per 
cent, of the jcmiaiiuh'r through sickness. If 12,540 men were 
then left, what was th(‘ original stnmgth of the n^giment ? 

9. A man buys mill shares to the value of £8271. If he 
pays 3J- ]>ei' cemt. for brok(M-age and £5 for stamp duty, how 
much does he pa}’ altogether ? 

10. An insurance company charges 8.^ per cent, as premium 
against loss of cargo. How much doe.s it cost to insure a cargo 
worth £!)150 ? flow much must b(^ ])aid to seciire the return 
of the premiuju also 'i 

11. After deducting a brokerage of 2.J per cent., a bill amounts 
to £647, 3s. lOd. What was tin* original amount ? 

12. Ml' U. lost 15 per cent, when he sold his house for 
£790, lOs. Od. What did the house cost him ? 

13. X per cent, of a number is 12|. What is the number ? 

14. Eind, to tlu^ near(‘st penny, th(' net amount payable after 
ded U(}t ing success i vely , 

(i) 20 ])cr cent., 2i jier cent., from £55, I5s. 6d. 

(ii) 15 per cent., 5 p(‘r cent., 5 per cent., from £105, I5s. Od. 

(iii) 20 per cent., 71 per cent., 2.1 per cent., from 
£2020, I Os. Od. 

15. Eind t he selling price of goods bought for £18, 14s. Od. 
and sold at a gross profit of 15 j,K‘r cent, on tlie sdlhuj price. 

16. How much per cent, ahove the cost price must a trades- 
man mark his goods .so that after allowing 5 per c(mt. discount 
on the marked ])riee lie may gain 15 per eent. on the cost 
price. ? 

17. A lea dealer sells tea at 2s. (kl. per lb., thmeby clearing 
25 per eent. on his outlay. The duty on tea being reduced by 
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3d. p(‘r lb., ho lowers his selling price 3d. per lb. What is now 
his profit per cent, on the C.P. ? 

18. /thought goods for £65, 12s. 6d. and sold them to B at 
a profit of 12 per cent, on his C.P. B sold the goods to C for 
£79, Os. 3d. What profit per cent, on the C.P. did B make ? 

19. A gro(;er bought 5 cwts. I qi*. 22 ll)s. of soap for 
£22, 1 (>s. 3d. Ke sold 21 cwts. at lOJd. per lb. and the nunaiiuhT 
at lid. per lb. What profit per cent, did he jnake on his 
outlay ? 

20. A partner in a busiu(‘..ss worth £19,200 sells of his 
share for £2500. What p(‘rcentage of the business does he 
still own ? 

Simple Interest 

Work «’!\oi'(*is('s in Sinqilo Iritorost by doeimals and so sinq)lify 
and slioi'ton (‘.alculal ions. 

Ketneiri))er Mail it. is generally sufh<Mont lo give the I'osult (jorrect 
to t he la^arest penny. 

Example. Find the F.f. on, £872, 17^. (k/. for 9 monih.s at 
3^ per rent, per annum. 


, .. 872-875 / .3x7 

J u tins ease h.\. — £• .Vw r~ 

4 Z \ I UO 

-£22-913 (coiToet to 3 pla.eos). 

— £22, 18s. 3(1. (e.oiTe(;t to tlie nearest penny). 


Short Methods 


I. SirKMj 10 |.)or cent, ot .£l--.£,\j — 2s., 5percon(. of £l -£/,,--ls., 
21 per (iont. of £1 — £,*,-, -()d., thou 

S.l. on £1 at 10 per (uait. ])or annum 2s. 

„ „ 5 „ „ „ -Is. 

2.1 „ „ -6d. 

Therefore tho S.l. on £1)8 for a. year at 5 per cent . - t)8s. -- £3, Ss. Od., 
at 10 ]jor cent. — 1>8 V 2s. — £0, 16s. Od. : at 2i per (^.ent. — 68 X 6di 
-£1, 14s. Od. 

II. ( V)iLsidor tliis exainj)lo: 

Find the S.l. on £40 for 1 tfear at 3 per cent, per annum. 
sh. ‘ sh. 


S.l. 


£10 X 3 

ibiT 


40 x3 

iby 


40X 3X2 

10 


-24s.-£l, 4s. Od. 


Note that when tho result is expros.sed in shillings it is equivalent 
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( P )i; K X 2\ 

— j sliillings. Apply this formula to find mentally the 

»S.r, for OTIC year on £80 at 21 per eent,, per (;ont., 4 [i^r cent., 
and so on. 

Exercisio 18 

1. Find mentally the S.J. on : 

(r/) £70 at 2 per (rent, per annum for I veaj-. 

(b) £1)0 at 2.J per e(5iit. jM*r annum for 2 years. 

(c) £115 at i") pel' C(mt. per annum for 3 }'ears. 

{(1) £20 at 7 [)er eemt. per annum foi' 1 yeai'. 

(e) £45 at 5 per eent. per annum for 2 years. 

2. Find, to the neare.st penny, the S.I. on : 

{a) £870 lor 148 days at 3J; p(‘r eent. p(‘r annum. 

{b) £040, 8s. 4d. for 2 years 21!) days at 1| ]ier cent. 
p(T annum. 

(c) £475, 12s. Od. from 1st March to 25th duly at 3| 
per eent. ])er annum. 

((J) £003, lOs. l)d. from 10th Ajuil to 2ud August at 4J- 
pei' cent, per annum. 

(c) £210, 13s. 8d. for 140 days at 2*8 per cent, per 
annum. 

(/) £1808 for 1 year 35 days at 4J per eent. per annum. 
\(j) £802, 10s. 3(1. from 3rci March to 3rd May at l| per 
cent, per anniun. 

3. A certain corj)oration pays interest half-yearly at the 
rate of 0| jx'r cent, per annum. What will l)e the total simple 
interest paid on a loan of £475 in a period of 0 yeai's ? 

4. If accounts are not paid on t he day they aie diu' a manu- 
facturer charges interest on the amount at the rate of 5^ per 
cent, per annum. If a bill for £2870 was due on 0th April, 
and was not seitkxl till 3rd May, find, to the neai est penny, the 
amount then {)aid. 

5. On 1st January 1020 a man invested £2000 at 4| |x‘r cent. 
p(_T annum. After 5 months h(‘ withdrew £070. What could 
he draw as interest on 1st January 1927 ? 

6, Find the amount (Prineipal f S.I.) of : 

(a) £070 after 8 months at 4^ jjer cent, per annum. 

(b) £840, 10s. Od. after 73 days at OJ per cent, per 
annum. 

(c) £83, 18s. Od. after 1 yeaj' 140 days at 8 ptu* cent, per 
annum. 
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(d) £15, 7s. 4(1. after 62 days at 4f per cent, per aAnum. 

(e) £3921 invested on 3rd July and withdrawn on 18th 

% Septembcir at 4 |)er cent, per annum. 

(/) £762 borrowed on 4th August and repaid 14th 
November at 33J per cent. i)er annniii. 

7 . Find tlu; amount paid for an account of £840 du(‘ on 
17th March and not- paid till 3rd Juno, if interest on overdue 
account is 6 per c('nt. per annum. 

8. Work as shortly as possible : 

(rt) vS.l. on £100, 13s. 4d. for 6 yc.iars at 4 [xu; cent, per 
annum. 

(b) S.l. on £300 for 2 years 73 days at- 5 per ccait. per 

annum. 

(c) S.l. on £620 for 1 1 y(‘ars at 2 per (;ent. ])ei- annum. 

9 . What does a man gain ycNarly on an investment of 
£1506, 2s. 6(1. if tin? firm with which the nuuK'y is invested 
increases its rate from 4J jhm- e(mt. ])er annum to per cent. 
p(n’ annum ? 

10 . A and 15 eaeli wish to borrow' £208 for 6 months. A 
borrows at the rate of 7J per cent, pen* annum, and l5 borrows 
at the rate' of I shilling per pemnd per month. By how’ much 
does B’s inter(.\st exeex'd A’s ? 


To find tlio total S.l. on tw'O or more dilTereni ptitjcipals for 
(lifhu'ent times, when the rate of interest is the same, we may use 
tho formula) 


il,;. iviv 


Combiriing them, we obtain, Total 8. 1, - : k/1 a)- 


Kxaniph. Find Uh oae operntioii the total F.l. oa (i) £S40 for 
2 years, and on (ii) £210 Jor 3 years, when the interest {n each case 
is at 4| per cent, per annum. 

Pi —£840, T, — 2 years. P2~^£210, T.^ - 3 years. K -41 percent. 
.-. S.l.-^£^(840x2 f210.v3). 

-£^1^ (1680 ! 630). 
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-£103, IDs. Od. 
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ExKltCISE 19 

1. A inun borrows £732() from a bank at 4^ per a».>nt. per 
amium, and after 2 Jiiojiihs the rate is raised to 4 J per cent. 
If the debt is settled S months from the (hde on whicli the 
money was borrowed, lind the total inter(;st to be paid. 

2. Find, to tlui neaix'st j)e)iiiy, the (.otal S.I. at per cent, 
per annum on £418, lOs. Od. invesled for S months, £;{!) for 
4 inonths, and £115(5, Os. Od. lor 9 montiis. 

^ 3. Find, to tin? neaiost piumy, th(‘ total S.l. for 73 days on 
£37)7 invested at per ccuit. ]W‘r annum, £431, lOs. Od. at 
3 per cent, per annum, and £17, I Ns. Od. at 4^ per ccmt. per 
annum. 

4. At tlie beginning of a year a man invested £2000 at 3 per 
cent, per annum. x\fter 5 months lie withdrew tlie intcTisst 
and £452. After 9 months he withdrew £320 and th(‘ interest, 
ff th(^ rest remained lo the end of tlie yi'ar, what was the total 
tS.l. the man, received 

5. A merchant taking a trip for 10 monllis loav(‘s behind 
him £050 invested at 4.] per (font, per annum, £974 invested 
at 3J per cent, per annum, and £325 invested at 4J pcu’ cent, 
per annum. What amount of S.l. will he b(^ able to claim 
on his rc'tui'n ? 

6. A man gave each of his three; daughters £4S0. The 
first inv('sted her money for 8 months at 5 pea* cent., the second 
for 11 months at 4^ |)or ceait., and the third for 10 months at 
4 1 pea’ cent. What was the’ total S.l, recced veal by the 
daughters ? 

7. On 1st danuary 1920 a man invests £29, I Os, Od. with a 
tirrn paying 5 per ceait. pe-r annum, and £38, 15s. Od. with a 
lirm paying 4 (kt cent . ])ea’ annum. If he’ clexses both aejcemnts 
on Otli duly 1920, Imw miieli money sheudd he withdraw 
altogether ? 

8. Find, tei the neaivst penny, the total S.l., at 3J per cent, 
per annum, ejn £513 lent for 3 months, £05 for 73 days, and 
£87 for 140 days. 

9. If OIK’ (k)rporaiiem pays 4d per eemt. pea* annum on leian 
money, whilst antdher pays dj per cent, per annum, how much 
S.l. would be rece’ivexl if £90 were invested in the first and £120 
in tlie second, both ameiimts lor 18 montlis ? 

10. At the beginning of a year a man beinows £4800 from 
a bank where the rati; chaiged is 3^ pel- cent. After 4 months 
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the rate rises to 4| per cent, per annum, and mouthy later 
to 5 per (icnt. per annum. If the rate eontiniu^s at 5 per cent, 
for the Test of the year, how much S.I. will the man have to 
pa}^ at the end of the year ? 

Compound Interest 

Wiien tiio iiitonwt on bccomiii}? due is julded to the [)revious 
principal, a new jirincipal is formed, and interest is then calculated 
on the new ]>rincipal. This process is known as (’ompound 
Interest (C.T.). 

Example, Find, to the nearest penny, the C.l. on iilHofor 2 years 


a/ 4| per cent, per annum. 


£ 


7 Hu 

K. for 1st y(‘.ar. 

1 |)ci’ cetil . . . 81*1 




820-825 

P. for 2nd year. 

4 . . 82S18 


.1 „ . . l-lOlb 



Amoum at end of 2inl year 

785 

Original P. 

72-L^J'.M» 

(’.T. for 2 years. 

t72, isr 

u)(i 

K\HIU!1.SK 

20 


((jliv(‘ answt'fs lo the lu'arest penny.) 

1. Kind the C.l. on: 

(a) £400 lor 2 yt'ars at 4 p(‘r cvnt. p(‘r annum. 

(h) £750 for 3 'years at 5 ptM* e(*nt. per annum. 

(c) £1000 for years at 2.\ per cent, per annum. 

{d) £200 for 8 yi-a-rs at, 1^ per cent . pei- annum. 

2. Kind the amount of £720 for 2 years at 8 per cent, per 
annum. 

3. A mortgage of £500, rat(^ of interest 0 per (!(‘nt., was 
neglected for 8 years. What was the total amount then due, 
C.l. being charged ? 

4 . Kind the increase on £120 put out for two years at 5 pei“ 
cent, per annutri C.I., the interest being adtled half-yearly. 

5. A man borrowed £200 at 4^ per cent. C.l. At the end 
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of eaah year for two years Ik^ paid £50. How much had he to 
pay at the end of tiie third y<‘ar in ordiu’ to settle the debt ? 

6. How imieh will £100 amount to if left to accum^late for 
3 years at 5 jKU' cent. ]K*r annum C.l. ? 

7. If 1 invested £50 in a bank at 4 pcT (;ent. per annum, 
how much should I be able to withdraw at the end of 4 ycuirs, 
if the interest due were credit(‘d to fiiy ac^count yearly ? 

8. A sum of £250 was left to a(a;umulate for 5 years. What 
did it amount to at the end of that tinu', (^.I. being reckoned 
at 2 \)VY cent. ]>er annum ? 

9. Find the amount of £1000 in 3 years at 5 pei* cent, per 
annum C.J. 

10. The working plant of a lirni was originally worth £15,000. 
It is depreciated by 5 p(‘r (^(mt. at the end of (‘acli year. What 
will be its (‘stimated value at th(‘ beginrnng of the fifth year ? 

Money British and Foreign 

ItuiTisii Monky 

VN'lien a boy exchanges a nninber of inaibUs for a penknife, 
the ti’aiisact ion is spi)keii of as barter. 'Pliis motliod t»f ti’Miling 
by exelianging actual goods is the oldest, method known, lint 
it is often dillicult to barter goods because of th<i difference in 
their values. To ovenunne the difiicnltios conmM'.ted with barter 
the vulnos of articl(3s of commcrcH? are now gi'norally oslimated 
by tlio ninoimt of money they are worth, and inoiay is said to be 
the common medium of exchange, liy this means goods are 
bought arid sold ; thus, a person having corn to sell can (iX(^hango 
it for a certain arnoimt of fnoney. aiKi then with the money lie 
can buy otlier coinrnodities la^ may re(|uire. 

Money has two ({iiuliticis : viz. {a) it is a standard of value; 
(6) it is an inst fuiiuait of ex(diange. 

f3ritisli money includes, I. ft. /^(nik Noleff an<l 7'm/.san/ 

Notes, III. Pustiil ami Monetf On/er.s, IV. dheques and Hills of 
Exclmmje. 

I, Coins. A new sovereign weighs 12.'{-27417 giaiiis, mid of 
tills is pure gold and is an alloy, (lold is said to hoof as 
many carats us it contains twcMity-foialh parts of j)m'e rnetal. 
Therefort? we say a sovereign is made of 22-carat gold. Fifteen- 
carat gold means gold containing A J of pure gold, and so on. 

British gold coins are worth their fi«!e valuci as metal, and are 
known as standard coins. 

Silver coins are not worth their face value as metal and are 
said to bo token COins. Tlio alloy used in minting silver coins 
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was Gstablishod at 50 por (iont. pure silver by the Coinage A(!t 
of 1020. 

Bronz(V coins are token coins also, as iJiey arc iiiinttMl frutii an 
alloy of Of) pci- cent, copjicr. 4 [ua- cent, tin, aiul 1 pta- <‘(int. zinc. 

Troy WeAght 

(l'"or wiMgbin^ ^old inid silviM-.) 

24 L^rnins —1 pcnnywcifjjbt (J dwt.). 

20 (Iwts. —1 onn(*<‘ (oz.). 

I 2 o/s. - 1 pound (lb.). 

5700 yraiii'^ 1 pound. 

jSote. — A m'ain Troy :i. ^rain Avoinliipois, tint a poiinil Troy conl.aiii.'i 
r)](i0 {grains, and a ])onnd Avoirdupois 7000 grains. Thrrofoi-o 1 Ih. troy : 1 lb. 
Avoirdupois-- ATdO : 70(M)-: ji nearly. 

II. Hank Notate <jf vai-ions values from £5 to £1000 arc issued 
liy tlic hank of England, and Treasarg A’o/r.s- for 10s. and £1 by 
t.la'i Lords ( 'oinmissiojnM-s of His Maj(*sty’s Treasury. 

III. /Wu/ Orders and Money Orders arc issiunl liy tlu^ Postal 
Autlioritios for the eon\'(UUcnet? of p(M*.sons wishing to .send small 
sums <»f nion(\y by j»ost. 

IV. (diegues may !)(' i-ssiunl by p(*r.sons who have Current 
Aeitounls with a banko?-. .A ehe<jue is a pai-tie.ular form of a. 
Hill of Exchange (sei' p. 22). 


Koki-ji(!n Moxiov 

Evta-y foreign caaintry of importanet' has its own eurreney and 
issues gold coins. In ICnghind 10 pounds (troy) of } .( fineness 
(f.e. 22 (%‘irat) is mint(\l into IStiO sovereigns. In Ki-ane.e I Kg. 
of gold of fineness iseoiiu^.l into L55 twenty-franco pi(H*es. hy 
calculation it will bco found tiiat £1 is oipjal in value to 25-225 
francs. This is tluo true value of £1 <oxpressod in fiancs, and is 
(oalled the Mint par of Exchange. 

The Mint par of exchanges can also bo eahouhited in American 
dollar’s, in German marks, in Dutch florins, in Scandinavian 
kj-oiKU', etc. 

The value of £1 in foi-idgn (ooinage is always varying, the amount, 
of vai-iation (hojiending very largely on tlu* (‘r(Hlit of tlie country 
conc<a‘nod. 

The daily newspapers publish li.sts showing these variations 
from day to day. Por instance, t lu’ rates of excohangrr at a certain 
date were : 
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Mint par value of 

Value of £1 at this 



date. 

li 

New Voric 

4'8<)^ dollars. 

4*85 j dollars. 

Paris 

2r>-22i francs. 

108-40 francs. 

Berlin . 

20-48 marks. 

20-40.1 marks. 

Anistcnlam . 

12-107 florins. 

12-051 florins. 

Oslo 

18-150 kroner. 

25-72 kroner. 

Rriisscls 

25-22.i francs. 

107-05 francs. 

Co])on}iag(‘n . 

18-150 krotua-. 

20-72 kroner. 

Oeiiova 

25-22.1 francs. 

25-05 francs. 

Bucharest 

25-22.1 Ici. 

050 lei. 

A(h('us . 

25-22.1 drachmai. 

817 drachmai. 

Madrid . 

25-22.1 p<*sctas. 

88-71.1 [)esctas. 

Milan . 

25-22.‘ lire. 

188‘i lire. 

'Phe coinage of most 

foreign coimtrie>! is hasi'd on the d(H'iinal 

syst('im. Thus: 



( 'oiintry. 

( 'oins. 

United Slates 

100 cents — 1 

dollar. 

Fi’anc(‘ . 

i 


Belgium 

;• 100 c(‘ntim(\s -1 franc. 

Switzerland . 

1 


Norway 

1 


Sweden 

V 100 ore — 1 krone. 

Denmark 

I 


Germany 

100 |)fennige mark. 

Holland 

100 cents 1 florin or guilder. 

Spain 

100 C(nrt(^simos -^ I 

pescLa. 

Italy . 

lOOcentesimi — liira. 

Brazil 

1000 icis - 1 

milreis. | 


ExiURCtSE 21 

(Work the ]>rol)leTiis to two decimal places.) 

1. Given that a sovereign weighs 128*27447 grains, find the 
weight in Ihs., dwts., giains (troy) of £5000 in sovereigns. 

2. The British sovereign is 22-carat gold. Calcidate the 
M'eight of pure gold contained in 3000 giains of standard coin. 
(Give the answer in grains.) 

3. A banker exchanges 24*25 dollars for £5. Find, to the 
nearest penny, the value of 860 dollars. 
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4. When the rate of exchange between London an(i Paris 
is £1^88-17 francs, lind the cost in francs of an arti(!lc worth 
£88, IHi. 9d. 

5. A merchant buys 20 Kg. of butter in GoTananv for 48-48 
marks. What ])rice is h(' paying per lb. if ] Kg. -r 2-2 lbs., 
and 25*08“ marks-- £1 ? 

6. If ]] of English gold coinage is ]mre gold, and of 
FrcTUih gold (coinage is pun' gold, find tlic Mint pai- of (*.xchange 
betwt'cn D)ndon and Paris if a sovc'reign wc'iglis 123*27 grains 
and a. twenty-franc pi(‘(!<‘ weighs 99*56 grains. 

7. If the ])rice of i^^rench varnislj is 184 Kg. for 327 francs 
in Paris, what is an English colour nn'i-chant’s ])rict‘ pc-r lb. if 
h(i makes 10 ])er cent, profit? (Assume I franc- Hjd. and 
1 Kg.r-:21 lbs.) 

8. If pure gold is sold at £4. 5s. Od. pc'r oumu' (troy), and 
80 lbs. of 22-carat gold make 3738 sovereigns, find tlu' value 
of the gold contaifK'd in nim' s(>vereigns. 

9. A merchant changes £982 into Dutch kroiu'r at th(' rate 
of 18*2 kroner per £1. He visits (^)|M'nhag('n, sfK-nds half 
his money, and on visiting Berlin converts tla^ r<'st to marks. 
If 1 kroner— M2 marks, what is tin- German etpiivak'nt of 
the mon(\v he can spend in B{‘rlin ? 

10. A dealer converts £457 to dollars, thenci' to francs, and 
thencH^ to kroner. How many k?-on(‘r w ill h<' n'ceive if the 
following rates of exchange ()])erate : London to Nenv York, 
£1—4*85 dollars; N(‘W' York to Paris, 1 flollar--22*5 francs; 
Paris to Stockholm, 1 krone 0*55 fraiu's ? 

11. Find the value, to the nearest halfpenny, v)f one troy 
fuiiKie (i) of standard gold, (ii) of pun' gold when 20 troy 
ftounds of standard gold are coined into 934.^ soven'igns. 

12. Find the equivalents, t-o two decimal places, or as £, s. d., 
to th(' nearest penny, of the following a,l Mint ])ar value : 

(а) £50 in francs ; (c) 1000 lire in £, s. d. 

(б) £750 in dollars ; (/) 100 dollars in £, s. d. 

(c) £150 in marks ; (g) 2000 francs in £, s. d. 

(d) .K200 in ])('S('tas ; (//) 500 kroner in £, s. d. 

13. Find the cost of 85*75 m. of silk at 10 francs 50 centimes 
per nu'.tre. 

14. On arriving at Chicago an English passenger changes 
£100 into dollars. How' many will he receive at Mint par 
value ? 

15. How^ much must a cotton nuirchant pay for a draft for 
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$60,0('i) which he wishes to send to New Orleans, if the rate 
of exchange is ($ — dollar, as £— pound sterling) ? 

16 . Find the cost of 500 Kni. 50 m. of wire at 6 fanes 75 
centimes per Km. 

17 . Sixteen annas make a rupee. If the value of the rupee 
in English money is Is, 5.;'„d., lind the number of ruju'es and 
annas that vshoiild be obtained for £120. ((.Jive answer to the 
nearest anna.) 

18 . Find, to the near(‘st cent, tlu^ value of £40, 15s, Od. in 
Dutch florins and cents at Mint ))ar value. 

19 . If £1 -- 25-60 Swedish krom'r, and a Spanish peseta is worth 
9.5d., find the value in pesetas and centesimos of 500 kroner. 

20 . Find the value in marks of 45 Km. of wire at £12, 12s. Od. 
per mile (1 mile^-1-6 Km. ; £l -^20-4 marks). 


Exchange and Banker’s (Commercial) Discount 

A Bill of Exchange (B/E) is "an lUK'onditional order in writing, 
addressed by on<^ |KU-son to another, signed b\' tlu' |)ei>iori giving 
it, requiring the peivon to wJioin it is addressed to j)ay on demand, 
or at a fixed or deterininablo future time, a certain sum in money 
to, or to the order of, a spoeilied person, or to a l)oaier.'’ There 
are two kinds of ilills of Exchange: (1) Inland, (2) Foreign. 
Tiiland Hills arc payabl(^ in tiie Hritish Isles, and Foreign Kills 
may be made payable almost anywb(M-(v The mlvantages of a 
Bill of FiXcliange are: (I) it fixes the, amount of the debt and it 
may bo used like a cheque ; (2) it })rev<‘nts the eari-ying of eoina 
to and from foreign e.ountrus ; (3) the mercliant shipjjers seenro 
immediate payment. 

The following is an (wainplo of an Inland Bill of Exchange : 


e^ilrnmoAom. 


© £zso — 

eTwo momtAi 

<yide^ Che 4ufn 
juMmeU. 

3o o/fCu^. JOruywCea, V 

10, ji\jcade^ 

^ %aAdiff. 


'■ Co TflA^ 

Vud omd 


ZZtU<yn, 
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Note. (1) This bill was sent by \V. Kllison to H. KrA)wie8, 
and H. Knowles agrees to |)ay tho £250, l)y writing Accepted, 
H. Knoides, VMh October J92G across the bill, and returns it to 
VV. Ellison. 

(2) The nominal day of payment is two months after 12th 
October, i.e. on 12th December, but three Days of (h’aco are now 
allowed, so that tho bill is legally due on 15th Dectanber. Tho 
number of days for whi(;h the bill luis to run - 10 (Oct.) h 30 
(Nov.) f 15 (Dec.), i.e. 04 days. 

(3) Days of (jlraco are not allowed on bills <lrawn ‘‘on demand ’ 
or “ at sight.” 

(4) W. Ellison may now (i) hold the bill until 15th December and 
then obtain tho £250 from Mr II. Knowles's bankers, or (ii) sell 
the bill to a banker f)i‘ a bill broker. 

(5) The bill will he worth £250 04 days hence, and so \V. 
Ellison cannot expect to r(‘cci\'e the full £250 on any day before 
1 5th December. 

(0) Theoretically, the bill broker ought to pay such an amount 
as would, when put out at interest for the unexpired ])eriod at 
an agreed percentage, pi*oduc(‘ £250. 

(7) in practi(!(s the bill broker pays llie balance aftcj- deducting 
an agreed per'centago for tlu^ unex])ire<l period on the whole 
amount — £250. This deduction is known as Banker^S Discount 
or Commercial Discoimt, au<l is reckoned in tho sanu^ way as 
Sirrjf)le Interest. 

Example. A bill drawn by W. Kllison on Vllh October for 2 months 
for £250 was discounted by a broker on 29/A October at 8 per cent. 
Find the discount deducted by the banker and the sum paid for the, bill. 

Jh'incipal — £250 ; Hate — 8 per cent. 

Date when bill is drawn is 12th October. 

.•. Date when ])ill is due is 15th December. 

.'. '^riie unex})irod period is from 29th October to I5th De(!embor, 
i.e. 2 [ 30 hl5 days — 47 days. 

The problem is to find the S.l. on £250 for 47 days at 8 })er c(?nt. 
])er annum, and this sum is the Banker’s Discount. 

£250x8x47 

S.l. or Bankers Discount— 

-£2, ll.s. Od. 

Sum paid to W. Ellison=£250-~£2, Us. Od. 

— £247, 8s. od. 


3 
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^ Exercise 22 

(Give answers to the nearest j)enny.) ^ 

1. Galeailate the coininercial discount on a B/E for 
£624, 13s. 8d. legally due 120 days hence at 2^ i3er cent, per 
annum. 

2. A B/E of face value £872, 18s. 8d. is discounted 65 days 
befori^ it is legally due. If the rate charged is 6| per cent, per 
annum, find (a) the commercial discount, (b) the amount paid. 

3. A B/E is nominally due on 27th March, and is discounted 
on 1st March at 4.V per cent, per annum. If tJie face value 
of th(‘ hill is £2105, 17s. 6d., find the discount allowed. 

4. A B/E drawn on 14th April was payablt' 5 months later. 
If the bill was for £872, 13s. Od., find the money paid by a broker 
to the payee on 20th May. Rate — oj jxu* cent, per annum. 

5. How much cash can a tradesman obtain by discounting 
on lOth dune a 3 months’ bill for £700 drawn on 18tli May, 
at 6J per cent, per annum ? 

6. On 17th August a mmehant drew a bill for £183, I4s. 4d. 
at 4 months. He discounted it on 30th >S(‘ptember at 3J per 
cent. How much did his broke!- retain ? 

7. How much must, a bankca- pay on 14th Octobei- for a bill 
for £723 drawn 2nd August previously, at 4 months, if the 
curnait rate is 3 per cent, per annum ? 

8. A B/E for £200, dated 12th July, at 3 months, was cashed 
by a banker at 5 ]X‘r c('nt. per annum on 22nd August. What 
did the banker (i) deduct ? (ii) pay ? 

9. What is th(? commercial discount on a bill for £850, 7s. 6d. 
payable at the end of 2 months at 5J pcT (;ent. per annum ? 

10. What is the commercial discount on a bill foi- 
£185, 15s. Od. discounted 75 days before legally due at 4| per 
cent, per annum ? 

11 . Find the banker’s discount on a bill for £383 legally due on 
31st May and discounted on 6th April at 5 per cent, per annum. 

12. What is the commercial discount on a bill for £2 13, 6s. 8d. 
discounted 90 days before legally due at 4| per cent, per 
annum ? 

13. Find the banker’s discount on a bill for £450 legally due 
in 72 days, interest being at 7]^ per cent, jier annum. 

14. Find the banker’s discount on a bill of £513, 14s. Od., 
which is discounted at 6J per cent, per annum on 12th May, 
and is legally due on 12th June. 
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15, Find the banker’s discount on a bill of £55, l(A. Od. 
legally duo in 53 days, if discountcid at 4| per cent, per annum. 

16. A'^bill for £1000 was drawji 19th March, payable six 
months hence, rate 3J per cent, per aniiurri ; it was discounted 
12th June. What did the banker pay the hokh‘r of the bill ? 


In ilio formula S.l. 


Inverse Cases of Simple Interest 

P xR xT 


100 


Tliero are four (|uantities whic.l) 


can vary, viz. Interest, JVincipal, Kate, and Time. When throe 
of these four quantities are known, the fourth can bo found, tliiis : 

/100 ;-^S.1.\ / 100 X S.l 

I ' p y 'I 




/100> 
\ “p 


yrs. 


PxT T- ^ 

Examph 1. Find the- mm which, invested for ‘H years at 4 per 
cent, per annwn, produces £18 as S.l. 

lOOxS.l. I00;<18 900 

<:ir 

Example 2. Find the rale per cent, per annum at which £I1()0 
produces £14, 10s. in 3 years. 

100 ;< S.l. 100x14*5 ^ 

R“ 1 , , fn -- TTTTTT — n—— 1 *3 ])(>]’ (;ent. |K.r annum. 

L X .1. tiiM/ X *5 

Example 3. What length of time must £780 be invested at 4 per 
cent, per annum to produce £70, 4,s‘. as simple interest ? 

100 X S.l. 100 x70*2 7020 
'1 .. x fT- - yi^ars. 


PxR 


780x4*.' 


3510 


ExERCisifl 23 

1. At what rate per cent, per annum will the givtm principals 
amount to the given sums in the times stat(‘(l : 

(а) £129, lOs. Od, to £145, 3s. .5d. in 2! years ? 

(б) £180 to £181, 13s. 9d. in 3 months ? 

(c) £400 to £409, Uks. 2d. in 179 days ? 

(d) £500 to £507, 2s. Od. from 1st October to 8th 

February ? 

2. Find in how many years 

(a) £2405 at 2| per cent. j>er annum will produce 

£112, 19s. 7d. as S.l. 

(b) £3600 at 4J per cent, per annum will produce £135 

as S.l. 
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■' (c) £2760 at per cent, per annum will produce 
m, Is.Od. as S.I. 

(</) £245 at 2J pt^r cent, per annum will produce 
£22, J7s. lOd. as S.I. 

3. What principal invested for 

(«.) 2^ years at 5 ]xt cent, per annum produces 
“£88, 10s. Od. as 8.1. ? 

(b) * year at 3| per cent, per annum produces 

£5, 17s. Id. as 81. ? 

(c) 438 days at 4J jx^r cent, per annum produces £108 

as S.I. ? 

(d) 146 days at 5 per cent, per annum produces 

£19, 12s. 4<1. as S.I. ? 

4 . A man invests £350 in a hank and draws tin*, interest 
annually. If the bank pays 3 per cent, per annum, when must 
the man close his a(;count in order to be paid £404 in ail ? 

5. A man who borrows £50 agrec^s to [)ay 4| per cent, per 
annum, and he pays interest (piarterly. In how many years 
will lie hav(‘ paid £2, 7s. 6d. ? 

6 . A merchant charges 5 per cent, per annum on an overdue 
account. If a customer owes him £1355 on 1st January 1925, 
when can he settle the account for £1524, 7s. 6d. 

7. The annual cost of insuring pro]x;i‘ty is 2s. per £100. In 
what time will as much money have been paid for insurance 
as the property is worth ? 

8. £385 was lent on a mortgage at 5J per cent, per annum. 
In how many years will the total interest paid be £127, Is. Od. ? 

9 . To buy a house a man borrows £280 from a building 
soci(‘ty. In 7 months he repays the society £285, 16s. 8d. 
What rate of interest has he been charged ? 

10 . A widow wishes her annual in(;ome to be £278. What 
sum of money must she invest at 7J per cent, per annum to 
secui e this income ? 

11. In what time will double itself if lent at 5 per cent, 
per annum simple interest ? 

12. Find the sum of money on which the S.I. for 3J years 
at 4J per cent, is £189. 

13. At what rate per cent, will ix double itself in 25 years ? 

14 . Mrs Jones pays 5s. each month as interest on £4. At 
what rate ])er (xmt. pf;r annum is she paying interest ? 

15 . If I invest my money at 5| per cent, instead of at OJ 
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per cent, per annum, I receive £72, 10s. Od. less interelt per 
year. How much money have 1 invested ? 

16. A'%noney lender lends money at .Jd. per week interest for 
every 2s. Od. he lends. What rate per cent, per annum is this ? 

17. How long must £225 he lent to prodiua; £21 as simple 
interest at 3^ per cent, per annum ? 

18. On a bill for £530 legally duo in 4 months the banker’s 
discount is £13, 5s. Od. Wliat is the rate per cent . per annum ? 

19. A borrowc'r is paying £10, lOs. Od. every half year for 
the loan of a certain sum of money. If the ral(^ pen* annum is 
54 per cent., what is the sum ? 

20. If a borrower is ])aying 2s. Od. ]:)er month as interest on 
£20, what rate per cent, per annum is he paying as interest ? 

True Discount and Present Worth 

Tn the example worked on. |). 33 the discount is c-alcMilated 
to be £2, 11s. tkl., but theorelicfi/ly it is not correct to deduct so 
much. Theoretically the amount deducted from a bill ought to 
leave such a balance as would amount to the fidl value of the bill 
if it were invested at the given rate of interest for the unexpirod 
|)oriod. 

Tn the example given, the balance 

-£2r)0 - £2, I Is. (;d.-.£247, 8.s. (Id., 
arid this balance at 8 per cent, per annum for 47 days would not 
amount to £250, but to £249, 19s. (Id. 

If £247, 9s. Od. wore invested for 47 days at 8 per cent, per 
annum, it would amount to £250. 

Hence the theoretical discount in tlie given exanij^lo is £250 
— £247, Os. Od. — £2, 11s. Od. This discount is known as True 
Discount. 

Suppose A owes B £104, {lue to bo paid in (I months, and A 
agrees to pay interest at the rate of 8 ])or cent. At this rate per 
cent. £100 becomes £104 in 0 months, hence A might settle the 
debt at once by paying £100 to B now instead of ])aying £104 at 
the end of the 6 montlis. 

£100 is said to be the True Present Worth of the dcibt, and the 
difference between the amount of the debt and its True Present 
Worth is the True Disco wit. 

(1) The sum duo— True Present Worth j 'rrue Discount. 

(2) I’nie Discount — Interest on True l*nwent W orth. 

Example (i). The value of a building site will be £2000 in 

9 months from to-day's dute. What is its present worth if interest 
is reckoned at 4 per cent, per atmum ? 
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At X: per cent, for ^ year £100 would be worth £100-f£(4xf) 
-£103. 


If present worth of £103 =£100, 


Tiien 


ff 


£ 2000 =£ 


100X2000 
103 ’ 


/» 


= £1041, 14s. lid. 

Example (ii). Find the true discount on £878, 158. Od. due 
4 months hence at 0 per cent, per annum. 


In ^ year at 0 per cent. £100 will amount to £100 | £(6 X .j)-=£102. 
If true discount on £102 is £2, 


Then 


. 878-75x2 

£878-75 is £ — 

= £17, 4s. 7d. 


Exercise 24 


(Give answers to the nearest penny.) 

1. A cargo of tobacco will be seasoned in 9 months, and 
will then be worth £1072. Find its pies(‘nt value if the rate 
of interest is reckoned at (> |X‘r cent, per annum. 

2. A man owns a field of wheat which he estimates will be 
worth £846, Gs. Od. in 2 months’ time. He sells it to-day and 
invests the money at 4J ptu* cemt. per annum, so that at the end 
of 2 month.s he will jeceive £846, 6s. Od. Find his selling ])rice. 

3. Calculat(‘ the price (cash down) of a piano of the value of 
5o guineas, allow ing 4 months’ credit at 5 per cent, per annum. 

4 . If 4s. Od. is the difference between th(^ simple int(Test and 
the true discount on a sum of money at 5 ptu’ cent, for 8 months, 
find th(‘ sum of money. 

5. In 6 months’ time a timber merchant will sell a stock of 
timber for £870, but to-day he will accept £750 for the stock. 
If £750 is its true present worth, find the rate per cent, per 
annum on which this amount is estimated. 

6 . A pawnbroker fixes £75, 15s. Od. as the price for redeem- 
ing a suite of furniture 3 months hence. Find the true present 
worth of the goods if the rate is 4 per cent, per annum. 

7 . Find the present value of a consignment of cotton if it 
i.s estimated to be w'orth £10,000 in 8 months’ time, interest 
being reckoned at 7 per cent, per annum. 

8 . Find the true discount that should be charged on a stock 
of oak beams worth £438 in 3 months if sold to-day, interest 
being reckoned at 6 ]H-r cent. |,)er annum. 
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9. A farmer estimates that a field of barley will hn jvorth 
£287, U)s. Od. in 2 months’ time. At what price* must he sell 
it to-da}^^ so that by investing the* money he receives at 5 per 
cent, per annum he may obtain £287, 10s. Od. at the end of 
the 2 months ? 

10. In 8 months’ time a consignment of ebony will be woi’th 
£307, 10s. Od. Reckoning interest at 3J per cent. y)er annum, 
find its ]3resent worth. 

11. Find the true discount on £515, 10s. Od. ])ayable in 
7 months at 4 per cent, per annum. 

12. Find the true y)r('sent worth of £219, 5s. Od. due in 3 
montlis at 5 yjer cent, y^er annum. 

13. Find the ditference Ix'tween the triu^ and the banker’s 
discount on £800 due 7 months hence at 3.2 pt‘r cent. [M*r annum. 

14. Find the difference betweim the triu* and tlie bank(*r’s 
discount on a bill of £330 drawn on 24th May for 2 months 
and discounted on 31st May at 7 p(*r cent, pei* annum. 

15. Find the triu* cash [)ric(* of goods of the value of £3284, 
allowing 9 months’ credit at 3J- yx'r e.ent. ])er annum. 

16. What is tlu* actual rate* of intei’cst. which a banker 
receives for his money when he discounts a bill l(‘gally due in 
0 months at 5 y)er cumt. per annum, charging banker’s discount ? 

17. What is tlu* yavsent value of a stock of wine if it is. 
cal(Mdat(‘d that four months lumce it will b(* worth £8000, 
reckoning interest at (ij yx‘r cent. y)er annum ^ 

18. Find the true pres(‘nt value of a claim for £76, I8s. 6d. 
due at th (5 cjid of 7 months. Rate 5| y)er c(‘nt. y)or annum. 

19. Find the difference between the true and the c«)mmei‘cial 
discount on £90, 15s. Od. due in half a year at 10])er cent, yjer 
annum. 

20. Find tlu^ ta ue discourit on £:r payable in tj years at 2 
yier cent. y)er annum. 

Stocks and Shares 

1’ho word Stock has various meanings, for in.stanco: 

(1) Stock is the proy)orty which a merchant, a tradesman, or 
a comj)uny has invo.sto<l in any Imsinoss. It may include goods 
and money in liand, and goorls an<l money due. 

(2) Stock refei’s to moiKjy invest(xl an<l is often called Capital. 
This stock or capital may bo owned by one o!' ))y more peisons 
jointly, ff tlio stock bo owned by moi*e than one person, the 
amount of monoy comprising the stt)ck is divided into sharas, 
and tho shareholdei*s form a coiiii)any. 
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(3) money invested in a bank by shareholders is often 
called Bank Stock ; similarly, money invested in railways is called 

Railway Stock. 

(4) The money borrowed by Corjjoj*ations on mortgage is 
designated Corporation Stock. 

(5) Money lent to a tlovernment constitutes a National Debt. 
'J'his money is often spoken of as Government Stock c)r The Public 
Funds, and a fixinl rate of interest is paid to the owne^rs. Thus, 
we speak of “3 per cent, stock,” meaning that the (lovernmont 
pays £3 per £100 on every £100 of this kind of stock. 

In Clreat Britain the word stock is almost always used for 
amounts of £100 invested in Corporatioiis or in the Publici 
Funds. 

The fundamental difference between imestments (i) in the 
Post Office, in Personal or Public l^oans, etc,, and (ii) in Stocks 
and Shares, corrsists in the fact that the caj^ital in the first case 
remains fixed, but the capital in thc^ second case may vary. For 
instance, in to-day's newspaper we read that £100 I'asirianian 
61 per cent, stock may be sold for £105; £100 Japanese 4 per 
cent, stock for £88 ; £100 Sheffield (.'orporation 6 per cent, stock 
for £105; £100 Fdinburgh ( ’or|)oration 4^ jxt cent, .stock for £96, 
and so on. 

Sometimes (Governments and Corporations arrange to repay 
the money borrowed on a certain (late, and tlien we s])cak of 
such stock as redeemable. Wlun no date for i)ayment is fixed 
the stock is spoken of as non-redeemable .stock. 

When an owner of st<x*k w'ishe.s to change it into cash lie must 
sell it, and this is generally done through a stockbroker, who 
charges a fee known as commission or brokerage, which generally 
range.s from ^ per cent, to .] per cent, on £ 1 00 stock. 

A Limited Liability Company is a joint stock company in which 
the liability of its sharoholdoi’s is rii^strieted t(. tlie amount of 
unpaid share capital. 

The original value of shares and stocks is s[>v/ken of as the 
nominal value or face value. 

When stocks and shanks are ciuotod at their nominal value they 
are said to stand at par ; when cjuoted at more than their nominal 
value they are said to be at a premium ; when (|uotod at loss than 
their nominal value tliey are said to be at a discount. 

Example 1. 7/ the £5 Jully paid-up shares in a company are 
sold at 10«. premium, find (i) the number of shares J can buy for 
£660; (ii) the divulend on 120 shares at 12 per cent. ; (iii) the 
actual rate of interest on my money. 
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(i) Cost per share~£5-f- 10s. — £5*5. 

Required number of shares--^— 120 sharas. 
% £5*5 

(ii) Nominal value of 120 sharas — £5 x 120— £000. 

. • . l)i vi( 1 end — 1 2 per (^ent . of £000 = £72. 

(iii ) Rato per eent. — — 10-9 per cent. 


Example 2. 7/ I buy £20 Fotmdry Shares, £18 paid up, at 

£2{ premium {brokerage 9d. per share), find (i) the cost of 200 
shmes ; (ii) the haif -yearly dividend on these shares at 10 per cent, 
per annum; (iii) the rate per cent, per annum I receive on my 
outlay. 

(i) Each share costs, Noiiiiiial Value } Premium |-13rokerago 

= £18 f £2-25 + £ 0:nr). 

= £20-287.5. 

200 shares cost £20-2875 x200 = £10r)7-r) = £4057, 10s. 

(ii) 200 sharas, each £18 ]niid up, re[)rosents £11000 capital. 

Half-yearly dividend = of 10 per cent, of £3000. 

= £180. 


(iii) Interest j)er annum on £4057-5 = £180 X 2. 


£100 


ISO X 2 A 100 
^“' 4057.5 ”' 


Rate per cent, per annum on outlay =8-9 per cent. 
Example 3. How much War Loan 5 per cent, stock at 107 can . 
be purchased for £2000 ? 

£107 in cash will j)urchase £100 skxtk. 

100 X2000 

.'. £2000 ,, ,, „ £ r sUxik. 

107 

= £2429-907 (correct to 3 placios). 

= £2429, 18s. 2d. (correct to nean^st 
penny). 

(The 5 per cent, dascribes the kind of stock and doas not affect 
the calculation in this c.ase.) 


Exercise 25 


1. What sum per aTinum is deriv(‘d from the investment of 
£2968 in 4J municipal stock quoted at 84 ? 

2. A man bought 200 £1 shar(‘s when th(*y Avere issued at 
par, and sold them later at a premimn of 4s. (id. each. Find 
his profit. 

3. A corporation pays 3.J [)er cent, on its stock. Find the 
percentages rate of interest received liy a man who bought 
this stock Avhen it stood at 55. 

4. £2793 is invested in 5J per cent. Consols at 116f. Find 
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(i) the*., amount of stock purchased ; (ii) the annual income 
derived from the transaction. 

5 . £5 fully paid shares in a spinning com()any werqr quoted 
at 50s. below par. Calculate (i) the number of shares Mr Z. 
purchased for £250 ; (ii) the half-yearly dividend he received 
when the company declared a dividend of 3^ \)vy cent, per 
annum ; (iii) the rate per cent, interest he received on his 
inv(‘stment. 

6. A broker bought 850 £1 shares, I5s. paitl up, for 18s.l0|d. 
each. If the compaiiy later declared a dividcuid of 18 per cent, 
per annum, what was the actual rate per cent, per annum on 
the money invested ? 

7 . If a }X‘rson by buying 3| |)er cent. sto(;k realises per 
cent, as interest on the money invested, how mucli below par 
is the stock quoted ? 

8. A man sells out at 105 all his holding of £7200 in 4| per 
cent, w’ar stock. The money receiv(.*d he- reinv(‘sts in 4 per 
cent, stock quoted at 95. How will this alTect his annu.'il 
income ? 

9 . Mr X. buys 12,000 £10 shares fully paid up at £11 J each. 
What is th(‘ ])erceiitage interest on his outlay if the company 
declares a dividend of 42 per cent, per annum ? 

10 . The capital of a manufacturing company is £105,000, 
of which £00,000 ranks as 5.J per (;ent. debentures and the rest 
as ordinary £5 shares. If the company makes a profit on the 
year’s working of £8980, what is the highest possible dividend 
per share Avhich can be declared on the ordinary shares ? 

11 . Find the half-yearly dividend Mr Allt receives from : 

(a) £500 in War Bonds 5 per cent. 

(b) £2500 in India Stock 2| per cent. 

(c) £750 in Egyptian »Stock 3 [jcr cent. 

(d) £450 in Sudan 5J per cent. 

(e) £250 in Glasgow Coiqmratioji 5J per cent. 

12 . Find the casli that must be paid to buy : 

(a) £500 stock in Australian 5| per cent, when the 

quotation is 102. 

(b) £350 stock in VY'st Australia 0 per cent, at 103. 

(c) £950 stock in Uruguay 5 per cent, at 81. 

(d) 100 £ shares in Pengkalen Tin at IJ ;j. 

(e) 1000 £ shams, having 10s. paid up, when quoted 

at 5s. 7id. 
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13. Fifty persons join together to form a tennis chiH, with 

capital of £90. 

'%(a) If each person has an e(pial nuinher of shares, how 
much does eacli orui contribute 
{b) If the shares are Is. (^ach, how tuany shares 
does (‘ach person hold ? How many shares are 
there altogether ? 

(c) Mr I). sold his holding of 30 shares to Mr E. at 
a pnmiium of 2d. each ; how much did he 
receiv(*. ? 

{d) Mr F. sold his 30 share's to Mr 11. when they were 
at a discount of 2d. ; how much did he receive ? 
(e) At the end of the se^ason there' was found to be a 
profit e)f £13, Os. 8d., and it was decided te) put 
£0, 13s. 4d. to a reserve fund and te) pay the 
remainder in dividend. How muesli did Mr E. 
reex'ive' in diviele'iul if lu' be'lel 30 sliaie.',s at par 
and 3() for which he* had paid Is. 2d. each ? 
What was his pere..entage elivide'ud ? 

(/) What was the divide'ne! (ij ])e*r shai’e, (ii) pi'r cent., 
on t he original ca])ital subscribe'e! ? 

((/) What rate percent, did Mr 11. re'e.'.eive, if he held 
30 shares at par and 30 at lOd. e'ae'h ? 

14. (a) Find the brokeu-age' at J ]X'i‘ eu'iit. on the purchase 

of £b()() stock of tile British Uniana ])er 
cent, stock at 103. 

(b) Find the cost of this £000 stock , ineliieling brokerage. 

(c) What is the actual percenitage yie'ld te) the investor ? 

(C{ive answer to two decimal plaeu;s.) 

15. (a) How Tuucli Txmdon (/ounty (te)uncil 4.] per cent. 

stock at 94i e^an be bought feir £567 (excluding 
brokerage) i 

(b) Find the p(;rcentage return on the investment — to 
two decimal placets. 

16. (a) When £1 fully-paid shares are* beiught at 7s. 6d. pre- 

mium, w hat is the selling price' of bOO such share's ? 

(b) What is the* percentage return from this invest- 
ment when a dividend of 10 pe'r cent, is declared ? 

17. (a) When Platt. Brothers £1 share's are' se'lling at 28s. 9d., 

lind the cost of 200 e)t tliese shares. 

(b) What rate per cent, is rc'ceiveel on this investment 
when a dividenei eif S per cent, is declared ? 



kU 


ELEMENTARY MATHEMATICS 


18 . ^he difference between the incomes derived from in- 
vesting a certain sum in 4J per cent, stock at 94J and 6 per 
cent, stock at 120 is £45. What amount was investeck ? 

19 . A man spent £4750 in buying 4 per cent, stock at 94|, 
brokerage bcung J per cent. After receiving a half-yearly 
dividend he sold out at 90, brokerage again being J per cent. 
Other expenses amounted to £4, 4s. Od. What was his total 
profit ? 

20 . Mr Coe hc^Id £40(K) stock in City of London 5 per cent, 
stock. He sold out at 103 and invested in New Zealand 
6 per cent, stock at 108, sufficient to bring him in the same 
income as before. How much money had he remaining ? 


Test Exbrofse 20a 


1. A thousand pounds is to be divided among A, B, and C. 
21 31 

If A receives of it, B of the remainder, how much is left 
forC? 


2 . How many tablets, each weighing ;i of a Kg., can be 
made from 1 ton of soap ? How many ounces are left over ? 
(I Kg.=2'2 lbs.) 

3 . Draw' a line 3-0 ins. long and divide it geometrically into 
8 equal parts. Compare with the arithmetical result. 

4 . Kind, to the nearest lb., the difference in the weight 
of *45 of a ton and the w^eight of 8-3 cwts. 

5 . 85x85=^^7225. From this result write answers to the 

following : (a) (8*5)2 . square 

having one side 8*5 ins. ; (d) the price of 8^ lbs. of meal at 
8Jd. ()erlb. ; (e) 8-5 x -85; (/) 7*225 -.-•085. “ 

6 . How much money is deposited yearly in the school bank if 
the average numU^r of pupils is 250, the average wt;ekly amount 
deposited is 7|d., and the school is optm 43 weeks per year ? 

7 . One-fifth of the amount that a barrel will hold is 0| galls. 
Find half the contents of the barrel and express the result as 
the decimal of 120 galls. 

8 . Find the cost of *135 of a ton of sugar at 2|d. a lb., 
and give the answer to the nearest shilling. 

9 . (a) A train is travelling at a s|)eed of 11 J miles per hour. 

Express this sp<xKl in feet per second. 

(6) A train is travelling at a speed of x miles per hour. 

Express this in feet per second. 
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10. A boy paid 52 weekly payments of 4s. for a j^icycle. 
His friend bought one just like it for £7, 7s. Od. in cash. How 
mu(^h p^r cent, more did the boy pay than his friend '? 


Test Exercise 26b 

1. My watch gains 20 secs, per day of 24 hours. If it is 
put right at 9 a.m. on Monday, what time will it show at 
4.30 p.rn. on Friday 't Express the answer exactly to the 
fraction of a second. 

2. Find the cost of 50 bales of cotton, each weighing 240 lbs., 
at 12 1 Jd. per lb. 

3. In one month 3,200,000 tons of coal were exported, and 
the value was £6,200,000. In another month 2,400,000 tons 
were exported, and the val ue was £4,000,000. t'ind the decrease 
in the price per ton. 

4. A French merchant oixku'cd, from England, goods to the 
value of £185 at a time when the exchange was 82-75 francs 
to the £, but did not ])ay for them until tluj exchange had risen 
to 88- 5 francs to the £. How much would he have gained if 
he had paid for the goods at the time of ordering ? 

5. Find the number of (;.c. in 1 cu. in., assuming that 
5 Kg.- 11 lbs., 1 cu. ft. of water weighs 62-3 lbs., and 1 litre 
of wat(M* weighs 1 Kg. 

6. (a) Write? dejwn as decimals of £1 correct to three places : 

12s. 8d. ; 15s. 4,{d. ; £8, 1 7s. lid. 

(h) Write in £, s. d. to the nearest [)enny, £0-713; 
\ £4-0531. 

7. If th(^ simple interest on a sum of im)ney inve'sted at 
3^ })er cent, amounts to £12, Os. lid. in 7 months, lind the 
sum invested. 

8 . A bill for £350 was drawn on 3rd Marcli at SO days. 
Reckoning interest at 31 per cemt., calculate the value of the 
bill on 4th April. 

9. A man deposits £20 every half-year at 3 jK'r cent, per 
annum. Find the total value of his deposits at the end of 
2 years from the datt? of the first deposit. Reckon compound 
interest added half-yearly. 

10. A stockbroker invests for a client £292, 10s. Od. in 
2J per cent. Consols at charging in addition per cent, 
on the amount of Consols bought. Find, to the nearest penny, 
the rate of interest the client will receive on the money he paid. 
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1. Find, to two decimal places, the value of ^ 4 ^ 

2 . I'sing the shortest methods you know, but showing all 
the steps, express as decimals of £l : 

(i) (a) 15s. 10 jd., ( 6 ) Kls. 9jd., (c) £3, 9s. 7|d., correct to 
thre(‘ decimal places. 

(ii) (a) 15s, 3|d., (b) 18s. lOjrl., (c) £2, 10 s. llfd. accurately. 

3. Thr('e successive readings on a gas-meter wen; 12,500 ; 
45,400 ; 84,700. The charge for th<‘ amount consumed during 
tlu; first interval was £4, 2s. lOd. Find, to the nearest penny, 
the cost for the S(;cond interval. 

4. A dealer, on reducing tin; sale price of cloth by 10 per 
cent., found tliat. at the lower price he sold 4 yds. more for £9. 
What was the reduced price yier yard ? 

5. Divide £24, 7s. 4|d, in the ratio | 

6 . Find the total interest at 24 per emit, per annum on £356 
lent for 3 months, £777 lent for 4 months, and £396 lent for 
5 months. 

7. Find the cost in French currency of 415 galls, of turpen- 
tine at 8 s. 6(1. a gallon when £1 - -85*50 francs. 

8 . How much would a banker give on 21st May for a bill 
for £200 drawn 2nd April previously at 3 months, interest 
Ixung at the rate of 4 per cent, per annum ? 

9. Find the comjiound inteicst on £150 for 3 years at 3 per 
cent, per annum. 

10. A contractoi' undertook to carry out an undertaking 
in 150 days. Ho (‘Uiployed 245 men, but after 80 days he 
found that only of tin; work had b(;pn doiu;. How many 
extra men did he recpiirc for the work to be :;ompleted in the 
allotted time ? 

Test Exercise 26d 

1. On 1 3th February 1922 the price of gold was £4*775 an 
ounce. What was the value in £, s. d. of 115 ounces ? 

2. A manufacturer offered to sell an engine for £150, less 
15 per cent., 5 per cent., and 2§ per cent, successively. What 
woidd it cost the purchaser ? 

3. A cycle dealer sold a bicycle for £12, 5s. Od., making 
thereby a gross profit of 22 | per cent, on the cost price. What 
was the cost price ? 
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4 . Richard Barnsley borrowed £60 from a friend. At the 
end of 4 months he paid £61, 4s. Od., which includea prin- 
cipal an^ interest. At what rate per cent. p(;r annum was the 
interest charged ? 

5. A bill of exchange for £150 drawn on 1st March at 2 
months was discounted on i2th March, the rate charged being 
5 jxu' cent, per annum . What was the amount of the discount ? 

6. A rectangular plot 320 ft. long and 230 ft. wide has 
to be lev(illed and turfed. A contractor offered to do the 
work for 2s. 4d. a square yard. What was the amount of the 
(\stimat(‘ ? 

7. Find the total amount of simple interest at 5A per cent. 
])er annum on : £640 for 52 days and £585 for 81 days. 

8 . A stock of timber w'hich will b(‘ ready for sale in 7 
months will then be worth £2625. What is its ]jrcsent value ? 
(Reckon interc'st at the rate of 6 p(;r cent, per annum.) 

Tr]ST Exercise 26e 

1. Work the following mentally, writing the answei's only on 
youi paper : 

( а ) (2,',-x4)H-(1,Vx4). 

(б) (./ost of 120 oranges at 3 for 2d. 

(c) 5 per cent, of £8. 5s. Od. 

{d) 47()X25; 47-6 x 25; 47-6 X 2-5. 

(e) Air space in cu. ft. of a. room 16 ft. 6 ins. long, 
10 ft. wide, and 9 ft. high. 

2. It is estimated that a stock of goods will be ^vorth £500 
on 30th June. If interest is allowed for at the rat(‘ of 7i per 
cent, per annum, whai is the cash value of the goods 4 
months t^arlier ? 

3. If 85-75 francs=£l, what is the value in francs of 
£150, 5s. 6d. ? 

4 . Write down the value of the following in £'s and decimals 
of a £ ejxactly- — £4, 2s. 4|d. and £8, 6s. 9d. 

Also, in £, s. d., correct within a -£6-42718 and 

£10-27638. 

5. (a) How may bricks, each (including mortar) 9 ins. X 

4J ins. X 3 ins., will be required to buikl a wall 57 ft. 
long, 9 ins. wide, and 7 ft. high ? and 
(6) What will they cost at 75s. a thousand ? 

(iVo/f?. — Reckon any number of bricks less than 100 as 100.) 
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6 . ^ grocer buys butter at £11, 48. Od. a cwt. and sells it at 

a gross prolit of 1 per cent, on the selling price. What is the 
selling price per lb. 1 ^ 

7. What is the simple interest on £425 from 5th January 1 926 
to 30th May 1926 (both dates inclusive), at 6 per cent, per 
annum ? 

8. What is the cost of 1 cwt. 3 qrs. of sugar if 2 ewts. 3 qrs. 
7 lbs. cost £5, 128. 6d. ? 

9 . A borrows £250 from B on 1st Februaiy 1926, and pays 
B at the end of 4 months £255, which amount includes principal 
and interest. At what ratt^ per cent, per annum was the 
interest charged ? 

10. A metal disc 6 ins. in diameter is reduced to a diameter 
of 5 ins. What is the area (top surfaot^ «nly) <>f the metal 
removed? (7r=^31.) 


Test Exercise 26k 

1. (a) I]xpress th(5 following exacllg in £’s and decimals of 

a £ : 

£4, 3s. lid. ; £1, 4s. Tjd. ; £2, 17s. lljl 
and (h) Calculate the cost of 745 yds. cloth at 3s. 9d. })er 
yard. 

2. Find, to the nearest yard, the length of a side of a square 
field whose area is 5^ acres, and find the cost of fencing the 
sides of the field at 2s. 9d. per yard. 

3. Three partners. A, B, and C, made a profit of £1753, 4s. 6d. 
A’s share was one-third, B’s share four-ninths, and C s share 
the remainder. How much did each receive ? 

4 . Find, correct within a }xmny, tht* cost ot 2 cwts. 3 (|rs. 
17 lbs. butter at £10, ISs. 6d. per cwt. 

5. Find, correct within a iJenny, the cost in £, s. d. of a 
yard of cloth worth fr. 4-75 pt?r metre. 

(1 yd. ='9144 metre ; fr. 25-22=£l.) 

6. Find the total amount of simple interest at 6 per cent, 
per annum on : 

£325 for 9 days ; 

£730 „ 51 days ; and 
£500 „ 32 days. 

7. On Ist December 1925 Brenton & Maxwell gave G. 
Jordan their acceptance at 3 months for £420. Mr Jordan 
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discounts the bill on 22nd January 1926, his banker clu^rging 
him at the rate of 0 per cent, per annum. 

(f^) Explain as clearly as you can what you understand 
these transactions to mean ; and 
(b) Calculate the amount Mr Jordan receives. 

8. A grocer buys 6 cases of oranges at 21s. 3d. per case, 
each case containing 240. If 6 per cent, of the oranges are 
unsaleable, at what price per dozen must he s(*ll the ri*mainder 
so that he may make a gro.ss profit of about 25 per cent, on 
cost price ? 

9 . A picture dealer bought a picture for five hundrt^tl guineas 
in cash.^ He kept the picture for 2 months and then sold 
it for £600, the purchaser also paying cash. Assuming that 
it would bc! fair to allow 15 per cent, per annum on the pur- 
chase money for interest, insurance against loss, etc., what 
was the dealer’s net profit ? 

10. The net amount of an invoici^, after a discount of 20 
jx^r cent, has been deductcxl, is £4, 10s. Hd. What was the 
gross amount ? 
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Exkrcise 27 

1. 'J'lie speed of an aerojdanc was twice that of a motor car. 
If the motor travelled at x miles per houi', express the s]^eed of 
the aeroplane in feet per second. 

2. The volume of concrete in a certain pipe is -79 of the 
length times tin; difference between tin* squares of the external 
and internal diameters. Write a general statement of this 
fact. (Use tlu' letters V, I, 1), and d.) 

3. The weight, in hundredweights which a beam will b(‘ar 

is gi^ eji by the formula where d- d(;pth of the beam in 

inches, and Jj=th<‘ length of the beam in feet. Kind the 
weight a beam will bear if it is 70 ft. long and 10 ins. in depth. 

X 

4. A boy owns £a;, 2ys. Od. and owes £-, ys. 6d. Into how 

many sixpences can he change the balance after paying his 
debt ? 

5. Simplify (i) 3a(6-|-c) — 2(ft — c)-j-6(a- c)-|-5a6. 

(ii) 2x(y--x)- ly{x 

6. The 4 trucks making up a train weigh a tons 21) cwts. 
c lbs. ; 2h tons a cwts. ; 3c tons a cwts. 26 lbs. ; 5c tons. 
Kind in lbs. the total weight of the trucks. 

7. Add lx^-\-C)xhj ; llx^y~i)xy^-{ y^ ; 4a;^ -7?/® ; Sxhj 

— lla;/y®+6y®. 

8. Subtract ^ d-3a;-f 4 from 2a;®— ^ 

9. From A to B is Ja; miles, from B to C is 14?/ miles. How 
far has a man journeyed after going from A to C and back 
12p times ? 


50 
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10. A brick is 9a? ins. long, 4J:c ins. wide, and 3x ins.^thick. 
What number of bricks will build a rectangular stack 16a: yds. 
X 9a: ydr* X 4 Ja: yds. ? 

11. Mother is 30 years older than her daughter. Twenty 
yeai's hence she will be twice as old as her daugliter. Find 
the daughter’s present age. 

12. Harry has 6 more marbles fhan John. If Harry gave 
one-third of his marbles to .lohn, John would then have 10 
more marbles than Harry. How many has each ? 

13. Solve for y : - -3 -1 ; ~y x\ ;^-|-6-9; 

X 4 q \\ 

'ly 2__y 

14. Find three consecutive numlxa’s, sucfi that if the first 
is divid('d by 2, the second by 3, and tlu' third by 5, th(' sum 
of the three quotients is 133. 

15. 1 Vice the excc'ss of 56 over three times a giv(m number 
equals four times the given number plus 2. Find the num])er. 

16. A bill for £7, lOs. Od. was paid in half-crowns and florins. 
If 70 coins were used, how many were there of each kind ? 

17. Take a certain numlxu’, x. Tlum (i) add 4 to x and 
divide the result by 3 ; (ii) deduct 2 from x and divide* the 
result by 2 ; (iii) add 6 to x and divide the* rt^sult by 2. If 
the sum of the three quotienfs is 14, find the valia* of x. 

18. Anthracite yields the following ])roducts when burned : 
carbon, 92*5 jJor cent. ; hydrogen, 3*5 per ccuit. ; oxygen, 
2*5 per cent. ; ash, 1-5 per cent. Draw on s(|uared paper a 
chart to illustrate the composition of anthracite. 

19. If 1 kilogram lb., draw a graph showing the 
relationship betwc^cn lbs. and kilograms, and from the graph 
find the value of 1 lb. in kilograms and of 8 kilograms in lbs. 

20. Th(^ average daily temperat.ures in a certain town 
during the separate months of the year were as follows : 


Month 

Jiin. 

Feb, 

Mar. 

Apr. 

May. 

June. 

•luly. 

Ai.^. 

S«'pt. 

Oct. 

Nov. 

Dec. 

Temp, 

39 

39 

42 

17 

53 

(50 

03 

02 

57 

50 

44 

■10 


Plot a graph to show the variations of the average tempera- 
ture throughout the year. 
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' Multiplication 

Example (i). Mnltiplt/ lx-\ 

9 hi/ 3.C ( 5. 

„ (ii). „ 

8 by 5.T— 3. 

(i) 

(ii) 

1 r> 

3x + 8 

5.r-3 

i 27 

I5x"- 1 40x 

i 14/) 

9:r 24 

21x2 j ()2x i 45 

15.r“ ! 31 X 24 

Study tlie two followirifj oxuinples of mull ipliorttion, of w'liich 
tho lii'Ht is a short oiu'd form of tho second : 

(i) 

(ii) 

212 2(10)2 i 1(10) 12 

13 

1(10)1 3 

212 2 

(10)=' 1 l(10)-^ [ 2(10) 

030 

i 0(10)2 , 3(10) 1 0 

2750 2 

(I0)=' i 7(10)2 j 5(10) I 0 

fn llio first caso tlx* powers (if 10 are (uiiiffed and the (•(i<‘nk‘i(‘iits only are used. 
We may often shorten the working; in al}'<d)rai(‘ ninitiplication hv usin^ tlie 

cofllicients o?dy. 


Exkr(jisio 28 

Expand tho following : 


1. (a+26) (a+36). 

6. (5:^:- 2) (Oy-4). 

2. (x+j/) (:»:+i/). 

7. (3;r-S) (4;t:-2). 

3, (x-l-y) (x y). 

8. (4x-3) (2a;-fr)). 

4. (x- »/) (x //). 

9. (3:r+2t/) (4a; -lly). 

5. (2« 36) (4m. 

10. (ft f 6-1-c) (ft h^)- 

Kxrrcisk 29 

Multiply : 


1. a2-2aft+2 by ai-2b. 

6. 1 la;-}- 12 by 1 -x. 

2. 2a2— 36-f2 ,, 2a4-7. 

7. a^b-\-2ab „ ft- 3 

3. 2«2-(-tt f 0 „ 5. 

8. ft3 2ft2-|-tt- 1 „ 2 ft. 

4. x^i-2x~6 „ xH-2. 

9. 3a*2-f4a; f2 „ Zx^-\-x. 

5. a^-j-2ab-}-4: „ a-}-b. 

10, 2x^-i-lx- G „ x’^—l. 
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Multiply : 

11, by a; 1. 16, la^ la {-"2 by 

12, ,, i-«“. 17. -2a^ 1 «-]- 1 „ 3ri [-2. 

13, --P „ 'lp-\. 18. 17a^+4cM-2 „ 4* 3. 

14, -3 ,, 2x^ -X. 19. | 3.r-t-2 ,, x—\. 

15, 3tt-2 „ la. 20. 3//-h2y3-}-/y „ i_2y. 

21. A rectangle is (3.t*4-2//) ins. by (4.x’ /y) ins. Find (i) its 
ar(‘a ; (ii) by how nuich the ari'a is increas(‘d if each side is 
increased by y ins. 

22. What is the diffenuice in voluinc between a cube having 
an edg(> (7w+2) ins. in leiigih and oiu' whose edg(‘ is 5 ins. less ? 

23. When, x fioys and 2// girls each have (3.r y) ap})les, 
how many apples have they altogether ? 

24. A stick is x yds. //ft. in length, hind, in fcMd-, the total 
length of (4;r f 3/y+2) similar sticks placed imd to end. 

25. The area of a triangle is — ^ hind the ari'a of a 

2 

triangle havitjg B- 2(4p 1 q) ins. and H - (2/; q) ins. By 
how much does the ar(‘a differ from that of the si)uare on B ? 

26. A newsboy delivers daily 48a magazines and 102/> news- 
papers one at a time. Pind his total number of deliveries in 
a weeks and 2 days. 

27. A tap A nils a cistern at the rate of x galls, per hour. 
A tap B cm})ties the cistern at a rate of 2// galls. ])(n* hour. 
If both taps run together, th(' tank is full in // hours. How 
many gallons rtmiain to be added after (//— 0) hours 

28. if a doctor examines daily x mi'n, // women, and 3.r 
children, how many patients does h(> examim* in (3/y 2) days ? 

29. The quotient of a division sum is x 36, the divisor is 
X I 26, anA tin? remainder is 26. hind the dividend. 

30. A squan^ paddock has a side llu: yds. ?/(■ ft. in length, 
hind, in feet, the length of fencing required for (m -3) separate 
])addocks of the same dimensions. 

Division 

K. cample. Diiide 7;r - ‘ I J 2 -- 8.r 6/y x ! 2. 

^4-2)70;=* i 7.r“ 8.r i 12(7u.“ 7.r ; 0 
7a-=’ I ]4.r2 

: j 7u*“ -14.r 

(kr r 12 
()a;4 12 
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Study the following examples of division, of which the first is 
a shoAeriod foriri of the second : 


(i) 

12H)258;i(21 

24() 


(ii) r 

1(10)2 1 2(10) ! 3)2(10)2 [ 5(10)2 1 8(10) + 3(2(10) I 1 
2(10)2 ; 4(10)2 i 6(10) 


123 

123 


t 1(10)2 t 2(10) I 3 
!-1(10)24 2(10) ! 3 


In die lirsl. casi; Hip powers of 10 an* oinii.tod and die coefliciiMits only are used. 
As in nmldplifaUon, we may often sliorten the working in algebraic division 
by using the cnelVicients only. 


Exercise 30 

Divide : 

1. by .T-f-?/- 4. Wif by 7a: -[“3//. 

2. 2xyby x -y. 5. 2a^ -aH)~\-2ah -ab'^ by (i)) -2a. 

3. i)^ by a-\-b. 6. d^- 2a^b\ a‘^l)^ by d^ - d^b. 

Divide : 

7. 14a:‘‘* -So: -0 by 2a: 2. 

8. }- 1 2^^*-^ hpq — 2 1^> 28r/ | - 1 4 by "ipq - 7 . 

9. I2a:‘^ 17a:// by 3a: 2y. 

10. a:^d 3^*^ I ‘V - 1. 

11. a^i-2a^—2a by d^ -a. 

12. 4r^-3a:2- 3:H 2 by a: -1. 

Divide : 

13. 42tt^ l-28a6-|-l8a |-126 by 0«-| 46. 

14. 2ix^~llixy -2y“ by 3a:- 2//. 

15. 6a- ab -¥ by 2(i - b. 

16. dbp^-[-322)q^ Ip Aq^ by lp-\A(f. 

17. 36a:// -24a:— 9//^ d- 6// by 3// -2. 

18. 26m2-b49m?i- 6%- by m-^2n. 

19. Find the quotient and roniainder when a^-f 6a®- 20a^-|-6 
is divided by a®— 3a'|-2. By how much must the dividend 
be increased so as to give no remainder ? 

20. A rectangle has an area of {2m^—tmin-\-2n^) sq. ins. 
If the base is {2m~~ n) ins., find the altitude. Check the result 
when m~-b and n^ \\. 
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21. A rectangular, metal plate has an area of 

sq. ft. ; the hmgth is ft. Find the breadth. * 

22. What is the length of carptd (3a; 4-5) ft. in width required 
to cover 8 . rectangular floor having an area of (12a:- (- 38;}: [ 30) 
sq. ft. 

23. IJie circumferenc(‘ of a wheel is (7a: 4-//) ins. Row many 

complete revolutions will it Jiiake intravelling (21a;- 1 la:// 2v/-) 

yds. ? 

24. A glazier has a shecd. of glass (30a:- 4- 7.1: 2) sq. ft. in 

area. What is the greatest number of windows (O./; 1) sq. ft. 

in area into which lui can cut it ? 

Simple Equations 

A statement that two (|uantili(‘S are e(jiiai is an etjuation. 
If the equation does not contain any hijyflua- ])Ower of the unknown 
(quantity tlian the Hi'st it is called a Simple EqHall())i. 

I. The Unknown quantity on both sides. 

E Ml m pie . 0 I S — 2 .r 4 3 • 

Then 5.}; - IS -- 3. 

And 3u:-21. 

.r-T. 

Steps 

(i) Odlloct all (ho Loniis containing' the unknown (|n;uilil y on the left-hand .side 

(L.H.kS.) and all the known terni.s on the rif'ht-liaiul .side (U.ll.S.). 

(ii) Be .sure to change the .sign of a term when tran.sferred to I ho other .side 

of the equation, and be ready to exphiin n hy thi.s i.s done. 

(iii) Find the algebraic .sum of each .side. 

(iv) Find the value of the unknown <pianlily. 

Exercise 31 

Solve the following : 

1. 4g:4-2- 3a: (14. 5. 20p 31p ( 10b L18 23p. 

2. 274-7u:=5a; f20. 6. loa/; 57 25-2ba6. 

3. b//4-4?/4-8//=3/y4- 105. 7. ()r~18 4r [ 25=?’ 14. 

4. 30 -a: -52' 2.r'. 8. 17t-f24 Uf j 2-52-lOf. 

9. 7a:4-9.r4- 12;r - 1 3 j; -|- I0.r ~5x j- 120. 

10. Ibt/ -i-13v/+2/y- ;// (-240. 

11. A shopkeeper has £2, J2s. bd. in his cash box. The 
money is in pemee, shillings, and half-crowns. The number 
of shillings is three times the number of half-crowns, but 
only one-fourth the number of pence. Find how many coins 
there are of each kind. 
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12. Four times a certain niinilx^r, together with 5, e(iuals 
lialf tn(‘ ninnlxT together with 12. Find the innnber. 

13. Th(' clilTenMice betwecni two nninixTS is S. Twice; tht^ 
greater riuini)er excjceds four times the smaller by fo. Find 
tlu^ jiiimbers. 

14. A lady pays £2, 15s. (M. for 30 yds. of muslin and 40 
yds. of cloth. If th(‘ cloth is twice as valuable as the muslin, 
find Mk; cost, of a. yard of (‘ach. 

15. A tank containing water will be tilled if 42 galls, arc 
added. The tank will then coritain 7 tinu^s as much water 
as at first. What is th(‘ total capacity of the tank ? 

II. Containing Bracketed Terms. 

Rcinox’o tlic brackets first. After (iollectiug tlie terms proccetl 
as already sliown. 


jrnnplc. 

<»(.r 

-3).-4(3.r 

; I 2)--(».r 50. 

Tlieu 

6.r 

18 - i2.r 

8 - ().r 50. 

And 


- (i.r 

2(;-(;.r- .50. 

And 


- 

J2.r- 24. 


.r--2. 


(’heck: J>.H.S. -K.Jl.S. 

(5(2 -3)- 4(3x2 1 2)--() •:2 -50. 

'riiou (5 - 32— 12 -50. 

Aiid - 38-- -38. 

Exkrcise 32 

Find the value of the unknown quantity : 

1. 3(2.r f()) -(2.r-| 4) .- -3x* 5. 

2. (3(a:-f3)- (.r -2)r .3a- 2. 

3. x{x 3)— 9. 

4. ()(u;-j-l0) (() |-4a:)-- ;r{3- 8)-fl0. 

5. 4(3:r-a’)-f I (>)- 0. 

6. U)(10f 2.c-hl)- 19.r fOO. 

7. 7(a- 2)-h2.r=:5(:r-l)-l-a:. 

8. 5(:r I 1)4 (3(.r - 2)-7(a:-- 1)1 24. 

9. 27(2/4 5)- I0(y+10)--d3(// -8) -16. 

10. 3 1. {s -f 2) 4-2(-y - 1 3) •-29(.s - 1 1 ) -f 7 . 

11. Divider IS into two parts, so that three times the 
smaller together with live times the larger part may (;qual 78. 

12. A newsag(mt pays wages to 150 boys. He pays 2s. 
each to some and 5s. each to the rest. To how many does he 
pay 2s. if his total wage bill is £24 ? 



SIMPLE EQIIAT1()N8 


13. A lady Ijouglit 39 books. For sonic she paid 2s. each, 
and for the rest 2s. fid. each. Tf she spent £4, Os. Od. alk/gether, 
how many of each did slie buy ? 

14. Tit a shooting competition a boy gains 5 marks for (^ach 
bull ” he scores and loses 3 marks each time he fails to do so. 

Aft(;r 10 shots he has no marks. How many times did he 
score ? 

15. A farmer bought 12 cows and 0 horses for £708. Tf a 
horse cost £8 more than a cow, find the cost of one of each. 


ni. Involving Fractions. 

Convert to the usual form by multiplying both .sides by the 
L.f '.M. of tlie denominators. Tlieii proceed as already shown. 


Examph. 

0 

Ix-'r 


Multiply by {CiX \ 
bjiKauinatoi's. 

\ 2){4x 2), I.e. 

hy 

'riieii 

4(l.r 2)-r)(r).r 

I 2). 

And 

- 2 r>.r j 

10 . 

And 

- 9 . 1 : -18. 



j:- 2 . 



Kxercisk 33 


kSoIve the equations: 

, 7n [1 

■ ‘V+- 0 - 


1. if.'"- 

3\ 2 

7*3 
af.3 «+5 

3. __.5. 


'ia 




4. - 

2 ' 3 ^ 3 
2 1« Oa 2 I 

IT 2 

6 . 1 . 

J) p-1 p{p-i) 




7. 


8. 4(a: -2) 5(11- x') - 3(2u; -ll) -2.r. 

9. 1 (5^:4- 1 ) - J (0:r - 1 ) - i(3:r - 1 ) =0. 

.A 7 8 

10. — s — = • 

x—2 X X 


11. (or— 3)(.r— a) r: a(a -:r ~3)— 39. 

12 3a: a;+4_ 2(2.r- 7 )^ 

* 2 5 5 ’ 

13. In making a journey of 50 miles a cyclist travels one 
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portion at the rate of 10 miles per hour and another portion 
at tile 'rate of 14 miles per hour. How long does travel at 
10 miles ])('r hour if the whole journey takes 6 hrs. ? 

14. A tourist walked to a village at the rati^ of 2 /niles per 
hour. He returned by another route which was 4 miles 
longer and reduced his sp(‘ed by J mile (X'r hour. His com- 
plete journey took 12 hrs. How far did he walk ? 


Expanding and Factorising 

Type I. a(x i y z) ax I ay ! az 
ax i ay I az a{x i y i z) 

(i) is iiii example of expuruiinjj and (ii) is an (ixample of faiilorisiti^'. 
Eig. ii illiistraliw this tyjn^ gi'a[)liically. 



Fra. 3. 


(i) 

(ii) 


VVhon an expression is exardly divisible by ii ((iiantity, tlial 
quantity is a factor of tlu; (wprossion. 

Other Exatuplea. «-/> \ ah i '2ah- -ab{a I- 1 | 2h). 

■Lr I 2.r^ i Hx'-^~2x{2 I-jk i 

m‘^{x ^if) {■n{x \ — 1 a)(:r i ?/). 


ExKRcrsE 34 

Resolve the following expressions into factors : 


1. (lb }-ac. 

2. 0;c2— :r. 

3. 2x^-\-\!)x^-\-2x, 

4. 24- 32?/2. 

5. l^x^ 9d:2 

6. apx}/-\-'Sx^il2J-\^^(tpf/. 

7. 25a;»+5E^//-hrj0Ey. 

8 . ^(yx^yh-{-^i2x^yz - 4:{)x-yz^. 

9. 13p2^— 26p</2 I 39?*. 

10 . Wx^ - 2la-bx^-+,Wbcx\ 


11 . x{a-\-b) ;-.r(d-f-2). 

12. a{xi-y)i-a^. 

13. (a-\-bf b)(a-{-b). 

14. (:r-f 3)2-3(a; h3). 

15. m^(n~c)-\-3m^. 

16. 6.r/y(ff-h2) -3(a-{-2). 

17. j)^qr ^pq^r. 

18. (ib(c -z) -ab(c—^i). 

19. ca(b-\~S)- (ic{b -3). 

20 . 
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Type II. (a+b)“ I 8abH b“. . 

a“ I 2ab 1 b“'-(a i bP. * 

Wo nijj^ illiLstmto tJiia p'apliically (fig, 4). 

Tlie whole figure re.prosciits the s(piare of {a ; h). Tt is e()7nj)ose(l 
of a sqiianv -a^ a square arul two |•<'etangleis eaeli equal U)ab. 
Heneo {a | hy^-^ a- i 6- | 2ah. 

44iis !-esull iiiay be slat.(M] thus ; < g - x-- - 5 - > 

The .square of Ihe .sum of two fcnn.s * 

eq tmlH the .square of l./ie fir. st plus f te ice cth b b 

their prodacl plus the .square of the 1 

.seroiul. I 

hLeample (i). N.rpaufl (Ihr 1 1//)^ ' 

I 1;/)“ : 2(;U:)(4//) : ( i//)-^. ' 

- !l;r- i 24 . 77 / : I ()//-. « ab a 

h\v<tuiple (ii). Tlud the value of 
l(J0-r)2. ’ I 

l()0-5- -{100 : -a)-. , 

- 100“ ! 2 / -5 100 j o-. > 

-=10,000 i 100 i •2;'). Fig. 4. 

=-10,100-2o. 


Exku(;ise 35 
Ex[)and tlie following : 

1. (m+py^. 6. (l.(u- I 10//)“. 11. 

2. (i? 1-.^^)-. 7. {mu i pq)'^. 12. (I I 'ixyf 

3 . (a 1 4)'“. 8. (Hrt f36)--. 13. (« i 

4 . (2a-|-3)2. 9. (2rt6-f36c)-. 14 . (* 1-”)"- 

5. (3A-f-4c)2. 10. (-W+lOj^. 15. [(ih i *)“. 

Evaluate : 

16. (10-5)2; (8|-)2; (100-4)2. 

17. (11 1)2 ; (7|)2; 10092. 

18. Find the square of 1987 if tlic square of 1980 is 3,944, 190. 

19. Find the area of a square having one side {'laf-lb) ins. 
in length. 

20. Find the volume of a square prism on a base (.t- 1-2//) ins. 
long and having a height of 3 ins. 


The expression a- j 2a6 is said to bo a perfect square. 
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WJion any exprassiou has tlio form of a perfoct scpiare it may 
be factorised as tlio square t)f a binomial. 

Example. Fac'torise 26p" | 4()/)q ] J (><7^. 

Expression — 25;^- + 40/></ \ I Vtq-. 

-^{5p)^-| 2(r,p)(4.y) I (4./)^ 

-(•'■>;> ! 4f/)^ 


Exercisk 30 
Factorise tlu^ following : 

1. p^-\-2pq \ (f^. 6. rH- \-2rtg \^(f. 

2. 4//2 f]2?/ I 9. 7. 144^2 f 24()r//>-h 100^)2. 

3. 4rt2-f f-462. 8 . 30.r2-f 00 . 17 /+ 2 r)// 2 . 

4. x^}f--\-2mnxif \ 7riV. 9. 49+42g' + 95'2. 

5. 1(W2 f-72rrt5-f 8lc2. 10. 100 f 40a f-4a2. 

Find the factors of the following ])crf('ct squares : 

(i^ , 4a, 


<4 2 1 . 4 

11 . 

12 . 

13. Jfahl. 

14. {y^Mxy 

15. '^+.+4. 


Type III. 


(a-^ 


16. ^+.^+4. 

17. :{«•■“ M«6 \ 

18 . I00.C- 1 - 2 . 1 :// 

19. \-\- Ui+!,a‘. 

771^ 

20. f 2m/i I 10^2. 
lb 

(a b)” ^a' 2ab ; b^ 

-2ab i b“)-(a-b)^ 

^ ^ W'e may illustrate I Ids gi‘a|)l 1 i - 



Example (i). 


cally (fig. 5). 

The whole figure — a^ | 6“. Tt 
is composed of an imshaded 
portion, {a — by, and a shaded 
j)ortion, 2ab. 

llenco {a—b)-^ a“ yb'^ — 2ab. 

= a“—2ab-\b\ 
This result may be stated 
thus : 

The square of the difference of 
two terms equals the square of the 
first minus twice their product 
plus the square of the seco7id. 

Expand {'ix—Ay) 

(3.r-4y)*-(3a?)'^-2(:ia:){4y) f(4;y)^ 

=9a;“— 24a;y H lOy**. 
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Example (ii). Find the value of 98 ^ 

98-*-=(100 -2)2. 

=-1002 - 2x2x100 I 22. 

-10,000 -400 I 4. 

= 9004. 


Exercise 37 


Expand tlio following. Write ilu‘ answers only : 

1. (:r y)2 ; (a h )'^ ; (c — d )-. 

2. (2a ‘ 36)2 . (,,. . (7 _5^)2 

3 . { m-nY ; (la 5 ) 2 ; ( 3 p qf . 

4 . (a 2 \ ( p ^- qf . 


5 . (1 - .r) 2 ; (3 '//i )2 (4 pqf . 

6 . («“ 4 />)^; @ -2)'’ 


7 . (xy -Xf) ( 2 ?/- 2 )=; (r -8)“. 

8. (m - 3ri)2 ; (3r s)2 ; (pq r)'^. 

9. (iv 5)2; (m 3)2; (n-l)2. 

10. (4// 2)2; (3m -2a)2; (5//-3^)2. 

Find the value of : 

11. 072 ; 7(j2. ]()<)2. i92. 592. 14 Ji 2 

12.302; 082; ^^2. 1192. 1942. 49^2^ 

Hiniie a^ — 2ah j-6" is n jierfeet square, any expression of this 
form may be factorised. 

Example. Factorise A xr -4aaT | a'^ 

Expression = (2x)=^ -2(2u;)(a) | («)=*. 

= (2a.’--a)^ 


Exercise 38 


Factorise the following : 

1 . 1 14 p-[ 40 p 2 . 

2 . .r®- 2 j: 2 y 3 -f /y«. 

3. ixy l‘%2. 

4. Ap^ — iSp^(f-\-'lq^. 

5. l-f4.7;2 -- 4.r^. 

6 . 07:2 _ 1 2 xy 4 4 // 2 . 


7, a2-2a+l. 


8 . m 2 — 6 m + 9 . 


9. (iH>^ - 2ahcd + c^d'^ . 

10. 25a2 -80a6 f 0462. 

11. I 10A’2_| 25/:4 

12 . 1007:2 207 : 4 - 1 . 

13. /,7:2 ^.r/y j 

1 


15. 


16. 


-a4-l. 


^w 2 Am 

9 3 


+ 4 . 
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17^ 24ah^ i)n\ 


18. 


cih b- 

";j +4- 


Type IV. (X i 5)(x ; 3) -x- 1 

(x -5)(x 3)--x- 
(x ! 6)(x- 3) -x“ 


19. '/)® 4(7'*. 

20. 100 -lOOrt +25^2. 

i 

3x i 5x ; 15 -x’ i 8x ! 15. 

3x 5x ! 15 x‘ -8x ! 15. 

3x ! 5x -15- x“ : 2x 15. 


(x 5)(x 13) x- i 3x 5x 15 x- 2x 15. 


Notd the j)r<Kliiet.s : 

(i) TIu'. first. ti*rin is alu-ays .r“. 

(ii) Till* socdnd tertu is :ihv';iys -r liinos lli^ al^'cbraic sum of ilu': soooiul terms 
of tile niulti|)lier mid iiiultijdiiauid. 

(iii) The (liird term is always the product of the seeuiid terms of tfie multiplier 
and mnltipiieand. 

I^]xj-:rcj8K .‘JO 


Expand llie following : 


1. (.r-i4)(.T-|-2). 

2. (..• -(i){.r- :!). 

3. 

4. (,i: -ti)(a.-f3). 

5. (.c l-8)(.i' ■ 5), 

6. (. 1 - -l)(.r 3). 

7. (.t 1)0:- 2). 


8. -4). 

9. 0:-f-r,)(.r l-.'i). 

10. |■2)(.r-|■2), 

11. (.t: 0), 

12. (..• 2)(.r-| I). 

13. (X :'))(.,• 2). 


15. (.p I 7)(J^+1). 

16. (a:+7)(u:--l). 

17. (J- 7)(u:-t-l). 

18. (..• 

19. (.i: |-3)(a:+8). 

20. {x, 8). 

21. (,i: 3)(x+8). 


14. (.p I (l)(.r 2), 
factorise we proci'i'd tims ; 
hLvnmplv. Factor isc. .r- ! S.r i la. 


(Mental work ; 

(i) Tile first term of each factor must he .r. 

(ii) The second terms of tlie factors are two numbers haviiit^ their sum - 8. 

and their product 15, 

(iii) 1-3 and i-5 arc the required numbers.] 

Result I 3){.i’ ! 5). 


P^acioriso th(^ following : 

1 . a:^ \ Gx 1 - 8 . 

2. !’>• 

3. />2.f 26 35, 

4. a^—4:a 60, 

5. 4x--^ 45. 
Resolve into factors : 

11. a2-f 10a-h24. 

12. u;H15a:d-56, 

13. -7a-[-10. 

14. 

15. aV)^ - I2ah^-'S2. 


7. 7/1'-^ f 1.3m -( 42, 

8. a^- lab- HbK 

9. 5ry -24;?/^. 

10. jr \-2q^. 

16. x^y^- \%xyz-\-\^z^. 

17. c^'^Mc -38, 

18. :r2-f3:c-28. 

19. 4mw— 32, 

20 . - 12 . 


Exekojsio 40 

6. x^- l2x-\ 35. 



Type V. 
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(a I b)(a b)-^a“ b^ 

a- b“-{a • b)(a b). 



Tlio wliolo It is 

(r()iii])<)S('(J of an iinslimlod jK)r- 
tion, b-, and ti sliad(?d portion 
wliioli may b(^ arranfjjml to form 
a iv(dm)g]o {a | b){(i — h). 

K(ai(!o {a 1 h){a — b)--a~ b-. 

And a'^~b'---{n \ b){a b). 

This rosnlt may bostatinl tinis : 

The product of the s-ujn und <lif- 
ference of tiro (fuantitieff equals the 
dijfereuce. of the. squares of the 
quantities. 

Kxawple. l'J.rpand ; 7//) (.‘hr 

Kx|)ivssion- (D.r)- (7?/)-. 

- !tr“ 4!b/-. 


<- — a ». 



7/y). 


ExKFt(’fSK 41 
Expand th(^ following : 

1 . (af-b)(a-b) ; {r - s){r ( s). 

2. {x-[ y)(x--y)\ {2'p q) {2 p {~q), 

3. (ab-\ cd){ab rd) : {hn rt){rl-\-hn). 

4. ilarmia 26); (J i ;;)' 


5. (Hfr)(K r); (T)- I rf) 



7. (-Sc- •8d)(-r)r’ f-8d); (l-2a: 1 M v)(l-2a: -Mv). 

8 . ( 8 a 2 - 62 )( 8 a 2 j.^, 2 ) . (. 7^2 y)(. 7 .x 2 

9. (x~a^){a^i^x): (r2-l)(r2-i- 1). 

Tl»o oxj)ansion of tho product of tlic sum an<l difforonce of two 
terms is in gonoral {a \ b){a -b)^a^- b-. 

(.'Onversely ; the difforeiico of tlio squares of two quantities may 
be factorised as the prodiK^t of their sum and <lifIorenc(^ 
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Exa\nple. Hesolve into factors r»4y/^ — 8 I 2 ®. 
E X [) ress i ( )n — ( H »/)--'( 1 ) 2 ) *. 


Exergisk 42 

Factorise the following : 

1 . ; .v*** /- ; - 8 1 

2 . A2 B2 ; U B2. 

3. - ytiV ; 49 ; i 

rn^ 


4. /2 . ^2 


1/2 - ;7/.2. 


5. a^-\ 2ab^b^ (P \ -2^)1)^. 

6. 8la:2 25«2 y)2- 9,^2 

7. 3Gm2- a2 ; 121/2-4^2 ; 49a2 -49^2 

8. I()9(i2 62; >'2 -• <<2 .12Ito2. 

9. 4u; 2_16//2; 9^2 8l7i2; :}(>.r2 -422. 

10. 81 fl^ 306 '^; 49^2^2 2. 

Example. Find the area of the shaded, portion of jUj. 7, which 
represents a washer or a flat rhig. 

This area — Area of larger eirclii Area of sinallor circle. 

-=7rR2— 


-r*). 

^:^(R f r)(R - 


r). 


11. If in tig. 7 K- 3-5 ins. and 
r 2-4 ins., find the area of the 
shaded portion. (77 -3-14.) 

12. Find tlu* upper surface area 
of a washer having an outer dia- 
UKJter of 2\ ins. and an inner dia- 
meter of 2 ins. (77 3-14.) 

13. If fig. 7 represents a circular 
lawn with a path round it, what 
will be the cost of asphalting the 
path at 38. 4d. per square yard, if 
the lawn has a diameter of 18 yds., 
and the path is 6 ft. in width ? 
(77=31.) 

14. A circular tower x ft. thick and y ft. high has an outer 
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diameter of 28u:: ft. Find, in cubie feet, the volume of the 
building material. . ^ 

15. A ‘jasholder has a diameter of 86 ft., and is surrounded 
by a })ath 86 ins. wide. Write an expression for the area of 
the path in square feet. 


Exercise 43 

1. Show by a diagram that k(a-\-b-\~c) - ka 

2. A shopkeeper .s(*rveH four customers with a lbs., 6 lbs., 
c lbs., and d lbs. of t-esa respectiv(dy. if the t(ui costs x pence 
per 11)., write an expression to .show in shillings the total value 
of the t(;a sold. 

3. A farmer icuits a rectangular field m yds. by n. yds., and 
his neighbour’s field is p yds, longer and q yds. broaden’. L^ind 
the difference in the area of the two fields. 

4. A room is x yds. by y yds., and the carpet in the room 
is a yds. less in length and 6 yds. less in breadth. J^'ind the 
ar(;a of the unearpeted floor. 

5. Find the anni of the picture frame represemted in fig. 8. 


Fio. 8. 

6. Show by a diagram that (a-|-6)^=a^+^^ [-2a6. 

7. Find the area of the shaded rectangle in fig. 9. 

8 . The length of a square playground was originally p yds. 
The side was increased by t yds. and th(^ playground again 
made into a square. By how much was the area thus 
increased ? 

9 . Show by a diagram that (a b)^=a^-\-b^ -'lab, 

10. If the area of a square room is 196 sq. ft., and a square 
carjiet in the room is 4w ft. shorter than the side of the room, 
find the area of the carpet. 

11. Find the area of th(^ unshaded portion of fig. 10. 

5 



< — a — H b ■* 
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12., Show by a diagram that -b^~(a-\~b)(a—h). 

13. Fig. 11 shows a square blotting pad. Give a one-term 
expression for the area of the blotting paper exjwser}. 

14. The surface area of the top of a metal washer is given by 


< — — a - — ^ 



Fig. 10 . Fig. 11 . 


the formula 77(R2— r^) when R and r an^ the extcirnal and 
internal radii respectively. Show how this area may be 
calculat(‘d without squaring the lengths of the radii. 

15. The volume of the material in a hollow cylindrical pipe 
equals the surface area of the base multiplied by the length 



Fig. 12 . Fir. ]3. 


of the pipe. Find a one-term expression for the volume of 
the material of the pipe shown in fig. 12. 

16. Fig. 13 shows the end elevation of a hen coop. Find 
the cost of covering this end with felt at 3d. per square foot. 

17. The triangular plate shown in fig. 14 weighs x ozs. per 
square inch. Write a one-term expression for the total weight 
of two such plates. 

18. Find the area remaining when the shaded portion is cut 
away from the quadrant (fig. 15). 
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19. What area remains when b slots, each 4 ins. by b ins., 

ire punched from a plate 16 ins. by 16 ins. ? * 

20. After 16 circular holes, each having a radius p ins., are 




mnched out of a circular board of radius r ins., what area of 
vood remains ? 


Simplihcation 


By moans of factoi-s, complicated oxpimsioiLs may often bi 
implified. 


Example. Simplify — 




x'^—2xy \-y^ x-\-y ' 


"{x-y){x-y)' 


x-Vy 


^x^ry. 


Exercise 44 

Simplify : 

4a;**— 47/2 a2 -5a6 -24^2 

ic2_|_2^y-|-2^2 ' ^2 16a6-}-6462’ 

^ rm2-f-2ma6-fm62 -l4x-{-4:\) 

• ^2*1:^ ^ x^ ~^x ~ ~^^ ' 

2a; 9 625a;^— 

4x^-Mx^Si ’ ■25i^2 • 

12+6 a2„_i0a+l6 

62+186+72 ’ a2-64 * 

a2_^2 :c2— 2a;7y+y2 p2_|_g^_|_j2 

X -y ^ a+6 ’ p2_|_i2p f36’ 

la -2b 49a2— 462 m2— 5w— 36 2a; 

‘ 7a+26^49a2— 28a6+462 ' m — 9 ^m+4’ 
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^ _ ffl® 1 1 25a-- 56 

’• a'H ^a^ ’ 2.W 62' 

a I .x-2 ^ 2a^-\-4:ab-{-2b‘^ 

’ x+a (x+a)^* a2.„^2 

g x -y x-\-y ^ x2-f2x— 35 x^+4x4-3 
* 2/ * x+7 x-f-S 

10 . J_ V _??:z^!__ 

a— 6 a-}-6 ' a+6 _2a2)-|-62‘ 

Square Root 

Since ] nx | a— and also -n. X — a®, it follows that 
-| n or -a. 

For tlie present wo shall consider only the positive root. The 
square root of a single term can often be found by inspection. 

Example . Va^h^ —ab- 

Vi^=4x‘^ 

/l)4a* 8a 2 
\ 9a:* ~ 3a: ■ 

Exeecise 45 


Find by inspection the positive square roots of : 


1 , a^. 

8. -KixY- 

,, 81a«62 
15. -TT— . 

c“ 

2. a«64. 

9. 13ila;L 

•04a2’ 

8, 81xV- 

10 . ■mUfjthn^. 

17. 

4. Wb^. 

11 . 

18. (2abc^)'^, 

5. 49xYz^’ 


19. '09{^abf 

6. xY‘ 

13 , 

-0001 

20. l^xyhy 

7. 

14. 



As shown above, the .square root of a single term is always a 
single term. 

A binomial expression cannot Jjave a square root. 
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A trinomial exproHsion {i.e. an oxprosHion of tliroo terms), ^when 
a perfect square, must bo in tho form 

^ a^-\ 2ah 1 h- ov a^—2ab-\ b". 

Since (i) a“ -\-2ab \-b‘^ — {a-\ by^. 

(ii) a^~2ab \ b^^{a -b)\ 

It follows that (i) Va-f 2«6-j i b) 

(ii) Va- -2ab j 6^— {«—/>). 

M'lie square root of any trinomial of tliis ty|)o may be fotmd by 
inspection. 

Example, 1 (ip* - l()p“m, f 4p‘^~ .Om. 

Exercise 46 

Writ(' down the s(plar(^ roots of : 

1. 16a'2-f-24x//-h%2. 6. (x l //)2 t.2(.r4-//)f 1. 

2. ^x*-\-\2x!^y 7. {x -yf -4(:r— ?/)-f-4. 

4«/i 4 

3. I f6;r«+9.T«. 8. 

T) 25 

4. •25//*^-] 46 4-16). 9. 1 I4;r f 49:c2. 

5. ^+'0625. 10. -Sab j iix 

2 

(^ofisicler the following mc'tliod of finding the scjuarc root: 

Example. Find the valve, of \ -i 4u'* -i () 0 ,“ | lu | 1. 

a- a' I 4«'‘ i (i«“ | 4a | 1 (a- i 2a j I 

a* 

2a “ )- 2a t 4a-'* j (ia- j 4a i 1 
- 1 • 4a-* 4a" 

2a2 I 4a4 1 2aH 4a | 1 

2a2 1 4a \ 1 

v^a* f 4a-’ I fia- i 4a j l — a'-* I 2a4 I- 

Steps 

1. Arrange the expression in descending pow«‘rs of a. 

2. Find the square root of «*, (liat is, the first term ; it is «*. Write a® as tho 
first term of the required root. 
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3. i^uaro a® and subtract, the result from the first term. 

4. min)^ down the rest of the expression to form the new dividend. 

Multiply a* by 2 and set down 2a® as the first term of the new divisor, 

(J. Divide 4a*, the first term of the new dividend, by 2a®, the firi^ term of the 
new divisor, and add the result, 2a, to the root, and also to the new divisor. 

7. Multiply the whole divisor 2a® |- 2a by 2a, and subtract the result from the 
dividend. 

8. Continue similarly to the end. 


Exercise 47 
Find the sq uare root of : 

1. 625a2-f-50«-hl. 

2 . T2xV,m. 

3. 

4 . 4%x‘^ -{-'i.^xhj . 

5. f 62 2afe-f 26c 'f-2ac. 

6. 9a;2 -|- 4?/2 -f 1 2,xy + 4// + (k -f 1 . 

8. 4rt '* + 4^2 • f- 5a2 -f 2a f 1 . 

9. Ox^-l-Ga:® 4^ f-4. 

10. 4a;^+4a:2.f5.r2+2x+l. 


Easy Simultaneous Equations 

CoiiHider tlie following statements: (i) A dealer bought coal 
and oil which together cost £44 ; (ii) the coal cost £3 more than 
the oil. 

if 3?= the value of the coal in £'s, and i/=tlie value of the oil 
in £’s, the statements may be exprassed as equations, thus : 

(i) a;+i/=44 

(ii) x~y= 3 

There is an unlimited number of values of x and y which satisfy 
equation (i), and also an unlimited number of values of x and y 
which satisfy equation (ii). 

If, however, equation (i) is true at the same time as equation 
(ii), then x and y must have the values a;— 23j^, y=20J, and these 
values only. 

When two or more equations are satisfied by the same values 
of the unknowns, they are called Simultaneous Equations. 

They may be solved (i) by elimination, or (ii) by substitution. 
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Solution — by Elimination 

Example i. Solve 4:r^3j/^17 . . . E<(iuitiou (i) 

3.r t Oy— 24 ... ., (ii) 

Multiply equation (i) by 3 and equation (ii) by 4. 

We j^et 12a;-f 51 . . . „ (iii) 

120^4-24^=06 . . . „ (iv) 

Sui)traet equation (iii) from equation (iv) and we get 

157/= 45 
7y= 3 

Now substitute this value of y in equation (i), and wv, get 

4a; f 0= 17 or in equation (ii), and we get 3a; | 1 8 = 24 
4a;= 8 3.r.= 0 

a;= 2 .r= 2 

Solution is a;=2 and 7/=3. ((.'heck this.) 

Be on the lookout for the following ]>oijits when working Ex. 48 : 

(i) Wo may need to multij)ly one equation only, as in No. 1. 

(ii) The value.s of one of the unknowns may be made equal 
by division, as in No. 2. 

(iii) The elimination may bo <ione by addition, as in No. 2. 

(iv) No jnulti[)lication may be rieco,ssaTy, as in No. 4. 


Solution — by S uhslilutio n 

Example ii. Solve x -2y=() . . . Equation (i) 

3.'C I 4?/---= 30 . . ,, (ii) 

Erom e(]uation (i) x — 2y. 

Sub.stitute this value of a; in ofjuation (ii), and W(; get 

3(2y) I 47/=30 
l(h/=30 
//= 3 

Now substitute this value of y in equation (i), and we g<it 

X -0=0 or in equation (ii), and wo get '^x 12 = 30 

x—i) 3a;=18 

X— 0 

Solution is a;=0 and 7/ = 3. (Cheek this.) 

(i) When nece.s.sary, trjiiispnse terms (Ex. 49, No. 3). 

(ii) Whoa fraction.s occur, convert them to whole numhcr.s Ity multiplying 
both .sides of the equation by the L.C.M. of tlieir denominator.s (Ex. 49, No. 7). 
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Exercise 48 


Solve (uning the method of elimination) : 


1, 3a;-“4y=l. 

2. 10a;+15?/ 40. 

2x~2y- 2. 

3« Tx-\-^y—2{). 

2x^1 y H. 

4. ic 2//^ 1. 
a:-|-3//=l(). 


5. 6a:-f-10 11//. 
15a: -1-4// -23. 


2+2 


0 . 


X // 4. 


2^4 


2 ‘. 


8. In 7 hrs. A walks 13 miles more than B walks in 2 hrs. 
In 3 hrs. B walks 6 miles more than A walks in 2 hrs. Find 
the rate of eacli in miles per hour. 

9. The sum of the two base angles of a oijrtain triangle is 
100°. Half their diference is 10°. Find the magnitude of each. 

10. Two lbs. of tea and I Ib. of sugar cost 5s. 9d. ; 1 lb. of 
tea and 0 lbs. of sugar cost 5s. 2d. Find the price per lb. 
of each. 


Exercise 49 


Solve (by the method of substitution) : 


1. 12a:-4//. 

2a: -//- 10. 

2. a 46=^0. 
764-3-2U. 

3. 

3?- l=2p. 

4. 4«- 26^- 8. 
70+36=27. 


5. a —t)b. 
86-hl-«4 7. 

6. 4a: -3//=5. 
9a:— 3;y. 


86~3a--4. 


8. Find two numbers such that three times the larger exceeds 
five times the smaller by 11, and twice the larger equals seven 
times the smaller. 

9. A motor car travels for 2 hrs. at one speed and for 4 hrs. 
at another speed. It travels altogether 220 miles. If it had 
travelled for 6 hrs. at the first spiked and for 2 hrs. at the 
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second speed, it would have travelled 360 miles. Find the 
two speeds. * 

10 . If k—M and lind t and r when A - 90 and 

V 270.^ 


Exercise 50 


Solve by either method : 


1. ai-b -AH. 

-6 -26. 

2. 2.r-f// .72, 
.V //. 51. 


4,,,. 


4. 18a;-;b/ 24. 
4.r-|-2.y=:0. 

5. 7r/ -36- 44. 
2a Ab^O. 


6 . 148 . 

r- -m - 94. 



.r 5 2/y 

4 2 J' 


8 . i2a^%. 

66 18= 5a. 

9 . m -Aj). 

4w -4(7p-|-3)- 
10, 2a 9 —56. 

3a 13=86. 


11. The sum of two numbers is 29 and their dili’ereuce is 6. 
Find the numbers. 

12. A cup of tea and a biscuit cost 5|d. ; three cups of tea 
and four biscuits cost Is. 6d. Find the cost of two cups of 
tea and threes biscuits. 

13. A box of handkerchiefs costs half a (U'own. The hand- 
k(!i‘chiefs cost a Horin moi'e than the box. What was the cost 
of tlie handkerchiefs ? 

14. A ])oy and his sister (^acli rec(nve an e(jual sum of money 
from their father. The boy trades with his money and doubles 
it, but his sister loses 5s. of her money. The mother now gives 
an equal sum of money to each, and the boy has then 36s. 
aiid his sister has I4s. Find how much money (;ach parent 
gave. 

15. A and B start out on a journey: For the first stage 
each pays an equal sum of money. The sc'cond stage costs 
B twice as much as A. If they pay respectively 2s. and 2s. 6d. 
for the total journc^y, what did each pay for the second 
stage ? 

16 . A fruit grower has apple trees and pear trees in his 
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orchard. Altogether he has 120 trees. If ho had three times 
as ma'riy apple trees, he would have 266 tnjcs altogether. 
How many of each has he ? ^ 

17. A number consists of two figures whose sum is 9. The 
value of the first figuni is 68 more than that of the second 
figure. Find the number. 

18. Each of two gardeners owns a similar square plot of 
ground. The first adds b sq. yds. to his plot and the second 
adds twice as much to his. The first has now 98 sq. yds., and 
the second 105 sq. yds. Find the length of each gardener’s 
plot at first. 

19. A man takes a journey by cycle and motor ear. He 
cycles at 12 miles per hour and motors at twice that rate. 
In 10 hrs. he has travelled 204 miles. How long did he cycle \ 

Graphs 

Values of the same kind may be coinpared by linos drawn in 
tho same direction. If only one line bo drawn and then divided 
into equal divisions, such a lino is .spoken of as an axis, and values 
may bo reprasented by vai’ious lengtJis nie««ured from one end 
of it. 

Draw on squared paper a horizontal line 48 units long, and 
then divide it into 12 equal parts. If eacli part ropresonts 1 
year, indicate lengths representing 8 yrs., 5 yrs., 8 yi*s., 12 yrs. 

Again, draw a vertical li»io 60 units in longtli and divide it 
into 5 equal parts. If each part represents a foot, indicato heights 
to represent 8 ft., 8 ft. 4 ins., 3 ft. 10 ins., 4 ft. 6 ins. 

When it is recpiired to compare two values wiiich are not of 
the same kind, e.g. a boy’s age and his height, two axes are used. 
Tlie axes are arranged at right angles and their common point 
is called the origin. 

Fig. 16 shows graphically tlio following data : 


Boy’s ago . 

3 yrs. 

5 yrs. 

8 yrs. 

12 yrs. 

„ height 

8 ft. 

8 ft. 4 ins. 

8 ft. 10 ins. 

4 ft. 6 ins. 


Tho positioiLs of tho points A, B, C, and D indicate tho boy’s 
heights at 3, 5, 8, and 12 yrs. respectively. The line joining 
A, B, C, and D is known as the CUTVO, and it shows liow the boy’s 
height varies with his age. 
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Note 

(i) The sc.ah* used should be as large iis possible. 

(ii) Thi^nanie of each value eoiupared should he writieii by the side of ilrf? axis. 



Fia. 16. 

(iii) There should be a .soparah? scale for each set of variables, and this scale 
should be stated. 

(iv) The axes are lettered OX and OY for purposes of reference. 

(v) The position of every point along Al) represents ttic boy’s height at a 
certain age, e.g. the position of K shoM’s that the hoy was 1 ft. 3 ins. in height 
at 10 yrs. 6 months, assuming that his growth was uniform. 

Example. Ekow graphically on squared paper the cost of coal 
at 60s. per ton, and from the graph find the cost of 14 cwts. ami 
10 cwts. of coal. 
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Steps 

(i) Draw axes OX and OY and label t-hetn respectively “ Weight in owls/’ 

and “ Cost in shillings ” (fig. 17). 

(ii) Decide the s<‘,ales. ' 

(iii) Since no tons at OOs. per ton cost nothing, I, he curve must pass Uirough 0. 


Y 



(iv) Find the length Oa along OX to represent (iOs., and tlu' length Oh ahjug 

()Y ti» represent 20 ewts. 

(v) .\t n and h erect nerpendieidars to meet at I*. 

(vi) Join OP and produce it if required. OP is the curve required, 

(vii) Finil the length Oc, along OY, to rei)resent II cwts., and at c erect a 

perpen licular to meet (.)P in Q. 

(viii) Draw (W perpendicular to OX ; then length Od repr-'scmts tlio reciuired 
value, namely 42s. 

(ix) F'ind the value of 10 cwts., ;vs shown, 

(x) Check results arithmetically. 


Exercise 51 


1. Using squared paper, find the value of x in the following : 


X 5 7 2 

8”20 ’ z ' 


(iii) 


X 


Check tin; results arithmetically. 

2, Construct a graph to show the rcilation of pounds sttu’ling 
to francs, assuming that £1=25 francs. From the graph 
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find the valucH of lOs., 14.s., and £1, 2.s. Od. in fraiicH, and the 
values of 20, 15, and 30 francs in sliillings. 

3. Th^ barometer in a school was read daily at noon, and 
the following observations were made : — 


Day. 

Mon. 

Pues. 

Wed. 

Thur. 

Fri. 

Sat. 

Ibught of 
llarometer / 

Ins. 

30-2 

Ins. 

31-0 

Ins. 

30-8 

Ins. 

30-8 

Ins. 

31-5 

Ins. 

32-0 


Plot a graph, and from it find the probable luiight of the 
barometer (a) at Wednesday midnight ; {b) at Friday 

midnight. 

4 . ConstriKjt a gia])h so that we may find the value of 
pints in litres and vice verm, having given that 1 J pints =1 litre. 
i>om the graph find the value of 4.J })ints in litres and the 
value of 5’5 litres in pints. 

5 . Draw a gi’aph to show the simple interest on sums of 
money between £1 and £50 at 5 per cent. p(U’ annum. 

6. Plot the following tirnc-tablc on squared paper : 


Distance. 


Time. 

61 miles . 
90 

190 

Manchester. 

Derby. 

Leicester. 

London. 

2 p.m. 

3*30 p.m. 
4-10 „ 

6-10 „ 


From the graph find the time when the train is halfway 
between Manchester and I^ndon. 

7. In raising objects by means of a lever the results were 
as follows : 


Effort (in lbs.) 

20 

35 

40 

50 

65 

70 

Load (in lbs.) . 

140 

245 

280 

350 

455 

490 


Plot a graph to illustrate these results. What load would 
be raised by an effort of 56 lbs. ? 
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\ 

8 . Draw a graph from which to obtain the distance travelled 
by a tfain at any time during the 2 hrs. after starting, if the 
speed is uniformly 80 m.p.h. Using the graph, find {a) the 
distance travelled in 40 mins. ; (6) the time taken to travel 
38 miles. 

9. If 4 sq. ft. of copper sheeting of uniform thickness weigh 
12 lbs., find graphically the weight of 9 sq. ft., 8| sq. ft., 6J 
sq. ft. of such sheets, and also th(i area of similar copper sheets 
weighing 10 lbs., 14 lbs., and 20 lbs. 

10. Booklets are sold at I5s. f)er 100. Draw a graph from 
which may be read the prices of any number of fifties up to 
600. From the graph find the price of each fifty. Compare 
the results with those obtained by calculation. 

11. Show by means of a graph the relation between degrees 
Fahrenheit and degrees (kmtigrade, having given that 
0° C.~82® F. and 100° C. =212° F. From the graph find the 
values of 50° F. and 70° K. in degrees Centigrade and of 30° C. 
and 40° C. in d('grees Kahi*enheit. 


Indices 

The nuiT)bor which indi(;atos how many equal factor’s make up 
a product is known as tlie index ; tlie product is known as the 
power ; the factor is known as the root or base of the power. 

Tims, 7^ — 343. In this case the imlox is 3, the [rower 343, and 
the root or base is 7. 

When wo raise a uurnbor to a given })ower, the process is known 
tis involution. The reverse [rr’ocess, i.e. finding the root, base, or 
factor of a powei’, is known as evolution. 

The root of a power is iiulicatod thus : 

Vq —2, i.e. the second or square root of 4 = 2. 

\/27 = 3, i.e. the third or cube root of 27 = 3, 

^/b* —h, i.e. the fourth root of h*—b. 

The Jmw 8 of Indices 

I. (i) 22x23:=(2x2)x(2x2.x2) 

=2x2x2x2x2 
= 26 or 22+3. 

(ii) oXo3 T=a'A{axaXa) 

— ax a3 
—a* or ai+3. 

These examples illustrate the First Index Law. The product 
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of two or more powers of the same quantity has an index equal to 
the sum of the indices. * 


II. 


(i) 


23-{2'i 


_ 2x2x2 

= 2 21 or 23-2. 


axaxa 

(ii) a^~a — 

' a 

— a2 or a3-i. 

These examples illustrate the Second Index Law. The 
quotient of two powers of the same quantity has an index equal to 
the difference of the indices of the dividend and the divisor. 

Note two special cases : 

6 X 0 1 1 

(i) 62 ;-G5r-_- — 


()X6xf>X6x(> 6x0x6“ 
13 y the Second Index Law 02^65—02-5—0-3. 


03* 




Him i I ally 


—..= 4-2 ; 
42 ^ » 


—a~ 


(ii) 


03 


0 X 0 X 0 

.. 02 ~ 

0 x 0 X 0 


01 -=10-2. 

-1. 


By the Second Index Law 03-f-63— 03"3=63. 

00:= 1. 

Similarly ao— ] ; 60=1, etc. 

Xlmy power having Urn index 0 --1. 

m. (i) (22)3 =(2x2)x(2x2)x(2x2)=26or 22^3 

(4x3)2 -42x32 
(43 X 32)2=- (43)2 X (32)2=46 X 3L 
(ii ) ( a; X 2/)3 = .^3 X y^— x-hj^. 

(iii ) (.r X y)” — x" x y"'— x>>y". 

Hence wo have the Third Index Law. To raise a product to 
a power ^ raise each factor to the same power. 

The Throe l^aws may bo statotl thus : 

Firat Index Law 
Second Index Law 


(i) xf^-[-x^ ==xf^-^ 

(ii) 

(iii) a:0 =1, 

(i) {xf^y> 

(ii) (a: xy)"=a;« xy”. 


Third Index Law 
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J liesn laws are true for Iraetional values also. 

i. o .. 

Thus .f* • 

j-i ~^ — x ' - , 

Since X 

Similarly \fx—x^ ; and 


ExERcrsE 52 


1. Express th(^ following products as powers of one (piantity ; 

\ a^xa^ y bxb*', 6®X()^; 8^X8^; 
axa-xa^ \ X X .r ; m® X m® ; 2^ x 2‘^ X 2 ® X 2. 

2. Expi'css the following cpiotients as powers of one quantity : 

y xT r jf* ; b^~b^: V-‘rl ; 43 x42; 


02 57 I O'* O-”^ 

6 ’ 53’ T(j2’ 0^’ 

3. Simplify the following : 

(a«)* '; (iW; (ot»)i> ; (10‘)3 ; (fiJ)* ; (3i*)i. 

4. Evaluate the following : 

(i) 42 ; 83 ; yi ; 103 ; 5«. 

(ii) 4"2; 8~3; 9-1 ; 10-3 (State results as fractions.) 

(iii) 144i ; 512^^ ; v'l0« ; 4? ; (ab^cf ; (234J)». 

5. Express the following as powers of one quantity : 

... o,, 3 . o 4 ^^ 2 w . 3 m^Xmv 

(i) a^Xa^-ra^'y x^xx^xx—x^ ; — ^ ; ; — . 

(ii) 72x72-x7^ 6^^x6i-x03; 187-186-18. 

(iii) 9i*3x92-3; 122x 123~124x- 12. 


6 . Find the value of the following, giving answers to (ii) 
both in the fractional and in the decimal form : 

(i) 102 . 103 . 106 . 106 ; 100. 

(ii) 10-2; lo-S; 10-6; 10 -6; 10-7. 

(iii) (102)S; (10*)*; (10^; (10*)^ 

(iv) 1004 ; lOOOi ; lO.OOOi. 


Introduction to Logarithms 

By means of logarithms (written briefly logs) wo can perform 
multiplication by addition, division by subtraction, involution by 
multiplication, and evolution hy^ division, 
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A locfarilhm is the index of a power to wJiicli an invariable 
nuniber, called the base, has to be raised in order to f)r(xl.iice the 
number of whi(;h it is the logarithm. 
tV)nsid€r this table : 

21- 2 
22= 4 
23= 8 
24=16 

Speaking in terms of indices we say; 

1 is tlie index of the ]jower 2 to the btise 2. 

2 „ 4 „ „ 2 

3 „ „ „ „ 8 „ „ 2 

+ „ „ „ „ H» „ 2 

S[)oaking in terms of logs we say : 

1 is the log of 2 to the base 2 or logj 2—1 

2 ,, ,, 4 „ ,, 2 or log^ 4 —2 

:i „ „ 8 „ „ 2orlog2 8 -3 

1 ,, ,, 16 ,, ,, 2 or logo 16 = 4 

(^onsider the following: 

1. 101=10 that is logiolO -1 

102=100 „ logiJOO -2 

103- 1000 „ logjolOOO -3 

104- 10,000 „ log^o 10,000 -4 

As the base 10 is the one generally used, logarithms to the base 
10 are known as common logarithms, and th(? liguro 10 is omitted. 
Thus log 1000 — 3 moans “ (lie log of 1000 to tli<‘ base! 10 = 3.” 

Jl. 101—10 that is log 1 0 — I 

log I —0 

log-1 - -1 
log -01- -2 

III. 10^ or 10*5 -3-1623 that is log 3-1623--r) 

10^ „ 10'25 =1-7783 „ log l-7783--2r> 

10^ „ I0-125=1.3335 „ log I-3335--125 

Example (i). Find by logs the value of 100 < 100 >: 1000 x 1. 

Log of answer— log 100 flog 100 t log 1000 f- log 1 
=2 + 2 13 f 0-7. 

Number of winch 7 is the log— 10,000,000. 

Value- 10,000,000. 


100 =1 
10 - 1=1 -1 


0 
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„ 7 /-x IT. w , ^ 10x100x10000 

hxcmple (ii). Find by logs the value of . 

Log of aiLSwer — I j 2 | 4 — 3 = 4. 

Valiio = 10,000. ' 

Example (iii). Find by logs the value of Vj 0,000. 

Log of answer^ I(Iog 10,000) = ^ X4 = 2. 
Valuo=l00. 


Example (iv). Find by logs the value of 100*’. 

Log of an.swor -3 (log 100) = 3 x2 = 0. 
Value = 1,000,000. 

Example (v). If 8-37— 10‘®227 write the logs of 
(i) 83-7; (ii) 837; (iii) -0837. 

(i) 83-7-= 10 X 8-37= 10 x 1 0-»227 I0M>227 

log 83-7 = 1 0227. 

(ii) 837 = 100 X 8-37-- 102 x 10-ft227== 102-0227 

log 837 = 2-0227. 

(iii) -837 = - 1 X8-37 = lO-^ x 10-»227- ioT-»227 

log •837 = 1-0227. 


Exercise 53 

1. Construct a table of powers of 3 up to the 8th power and 

, . 9x3x81x729 
use it to evaluate — ^43 — • 

2. What is the value of: 

(i) log., 04 ; log., 1024 ; log, 04 ; log 10,000 'i 

(ii) log; 81 ; log; 25 ; log.^ 100 ; log, 27 ? 

(iii) logs <’25 ; log, 81 ; log, . 1 ? ; ]og„, m" ? 

3. Express, using logs : 

(i) 42 . HO ; 72:^49; W- IOOO ] 4^^250. 

(ii) 3”» =a:; v^m='-.20 ; 10* =451. 

(iii) 102*8756_751 . 102.4409^270; 10»-a ; 10i-6i27^41. 

4 . Write logs to the base 2 of the following : 

4, 8, A,256, ,V. 

5. If logs; 36=2, find the value of a; ; if log* 125=3, find the 
value of X. 

6. Express, using indices : 

(i) log3 81=4 ; log2 64=5 ; log 1(X)=2. 
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7. Evaluate : 

(i) log 10,^ ; log 3 729 ; log.^ -125 ; log,, ISSlf 

()J) 8 log 2 2 ; 2 log 100 ; | log 10,000 ; log, 81 +log 3 9. 

8. Work by logs, using a suitable bas** for each case : 

(i) 512x128; (ii) Jl0,000,000-^1000 ; (iii) V7M • 

(iv) . (V) 

9 . ^tween what two whole numbers are the followins logs : 
logs 70 ; log 78 ; log 820; log 3850; log, 70; log, 80; log, 150 s' 

10 . Having given that 2-50= lO ^o^ express each of the 
followmg numbers as powers of 10 {i.e. find their common logs) : 

256 ; 25,600 : 25-6 ; 2560. 
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(JKOMI^yrUY AND MENS IIRAT ION 
Revision -Length 

Exercise 54 

1. If 21 yds. of twine may be wrap])ed exactly 10 times round 
a cylindrical box, what is the diameter of the box ? (77 -3*14.) 
Clive the answer correct to the hundredth of au inch. 

2. The “ surround ” of a gasometer has a diameter of 18 

yds., and is divided into 8 (‘qiial sections. What is the length 
of each section '( (77=3*14.) 

3. Fifty yds. of wire are made into 32 hoops. Find iii 
feet the diameter of each hoop. (77=3*14.) 

4. Explain what is meant when it is said that the ratio 
between the circuniference and the diameter of a circle is rouHlanL 

5. Draw a line 3*4 ins. long; from one end cut off 1*0 ins. ; 
measure the remainder ; compare with the arithmetical 
difference. 

6. Draw a line 2-2 ins. ; bisect it geometrically ; check the 
result. 

7. Draw a line 10*8 cm. long ; produce it 2*6 cm. to the 
right and 1*3 cm. to the left ; find the total length ; compare 
with the arithmetical sum. 

8. Show on squared paper a point P, 3*8 miles to the east 
and 1*6 miles to the north of a fixed point 0. Measure the 
distance OP. Work to a scale of 1 in. = l mile. 

Angles and Parallel Lines 

Exercise 55 

1. Construct the following angles geometrically : 90° ; 45° ; 
60° ; 30° ; 15° ; 75°. 

2, Draw a line 3J ins. in length ; bisect it geometrically ; 
test the result. 
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3. Draw an angle of 80° by using the protractor ; bisect it 

geometrically ; teat the result. * 

4 . Draw line AB (fig. 18) 2*3 ins. long ; bisect it at a ]X)int 0 ; 
construct / BOG 30° and pro- 
duce GO to D. Find the magni- 
tude of /’s AOD, AOG, DOB. 

What is the sum of the /' 's AOG 
and GOB ? And the sum of 
the /_’s AOD and DOB ? 

5. Draw two parallel lines AB 
and GD. Draw a line PQRS 
as shown in fig. 19, making / PQB 00°. Name the vertically 
opposite angles, the alternate angkis, and the corresponding 
angk\s formed, and stat(5 their magnitudes. 

6. Draw a line AB 2| ins. long ; bisect it at 0 ; construct 
at 0 a j)erp(mdicular 0( ■ 2| ins, 
long, and produ(;e GO to OD, mak- 
ing OD— OG. Name the four 
angles formed at the point 0, and 
state their magnitude. 

7 . Show by drawings the angles 
matlc by the hands of a clock at 
4 o’clock and at 10 o’clock. Note 
that there are two angles formed 
in each eas(\ What is th(? sum of 
these two angk's ? 

8. (k)nstruct g(^ometri(^ally a 
s(juare 0 !i a line 1'7 in. long. 

Li'aw the diagonals cutting at a [)oint 0. State the magnitude 
of (nich angle formed. 

Triangles 

Exercise 56 

1 . Make drawings of (a) an equilateral triangle on a base 
t)f !•() in. and state the magnitude of each angle; (/>) a right- 
angled isosceles triangle having two equal sid(‘s 1*8 ins. long 
and state the magnitude of each angle. 

2. Place three points A, B, and C in such a position that 
each one is IJ ins. from the other two. 

3. (>)nstruct on squared pajjer (a) any triangle having a 
base 2 ins. long and an altitude l| ins. ; (6) a rectangle on 
th(^ same base and having the same altitude. Provo by 





86 


ELEMENTARY MATHEMATICS 


counting squares that the area of the triangle the area of 
the rectangle. 

4 . Construct the triangle and rectangle of Question 3 above on 
plain paper, and prove by cutting and superposing*^ that the 
area of the triangle the area of the rectangle. 

5. Construct a triangle on a base of IJ ins. equal in area to 
^ a rectangle 1 1 ins. X I ^ ins. State 
I the altitude of the triangle. 

' 6. The area of a triangle is 

26*88 sq. cm. If the base is 4*8 
I cm., find the altitude. 

I 7. Fig. 20 represents a sheet 
of lead of uniform thickness. 
Find its weight if 1 sq. in. weighs 
5 ozs. 

8. A sheet of cop{)er is in the form of a triangle. The base 
is 10*6 ft., the altitude is 9*8 ft., and it weighs 103-88 lbs. 
Find, in lbs., the weight of 1 sq. ft. of the copper. 

Circles 

Exkrcise 57 

1. Find the area of one of the flat surfaces of a half-crown 
whose diameter is 1-2 ins. (tt --3*14.) 

2. Find the cost, at 2s. 4d. per sq. ft., of a circular plate of 
zinc having a radius of 14 ins. (7r=3i.) 

3. Find the cost, at 3J<1. per sq. ft., of polishing the top of a 
ixjdestal which has a fliameter of 2^ ft. (tt - y .) 

4 . hind the surface area of a circular lake whose greatest 
distance across is 22 yds. (tt =31.) 

5. The diameter of the outer circle of stones at 8toneh(mge 
is 108 ft. Find, to the nearest square yard, the area of the 
surface within this circle. (7r=3-14.) 

6 . The diameter of a circle is found to be 17-5 ins., and its 
circumference 55-1 ins. Calculate the value of tt to three 
decimal places. 

7 . A motor car has wheels of 3 ft. 6 ins. diameter. When 
they are making 120 revoI\itions per minute, find the sj)eed 
of the car in feet per minute and in miles per hour, (jr^y .) 

8. A point on the rim of a circular saw is n^volving at the 
ratti of J mile pei- minute. If the wheel is making 240 
revolutions p(;r juinute, find its diameter, (tt - 31). 
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Volume 

Exercise 58 

1. A rectangulai* prism is a ins. long, b ins. wide, and c ins. 
thick. Write {a) the total length of the edges ; (6) the total 
area of the faces ; (c) the volume. 

2. Find the cubical content of (a) a cube with an edge of 

ins. ; (6) a cube with an edge of x ins. ; (c) an oblong box 

with inside edges ins. by 4.J ins. by 10 ins. 

3. The volume of a squares prism is 5000 e.e., and its base 
contains 123 sip cm. Eind its altitude in centiinetri's to one 
place of decimals. 

4 . A block of w'ood measures 5-5 cm. x 4*5 cm.x-5 cm. 
Find its cubical content to thi^ neanvst cubic centimetre. 

5 . -Find the weight of a rectangular concrete flag measuring 

24 ins. X 28 ins. X 24 ins. if concrete weighs 
105 lbs. to the cubic foot. ^ 

6. The water in a full rectangular cistm’ii i 

3 yds. long, 2 ft. wide, and 5 ft. higli, is J 
transferred to a larger empty tank 4 yds. 
long and 2 yds. wide. How high does the 
water rise in th('- larg(U‘ tank 'f ’ 

7. Fig. 21 represents the (Mid of an iron | 
beam 10 yds. in length. Find its weight in ^ 
lbs. if a cubic foot of iron weighs 480 lbs. 

8. A cuboid, or rectangular prism, of lead 
iiKMisures 5 ins. x2 ins.xU ins. Find its weight in lbs. if 
1 cii. ft. of lead weighs 700 lbs. 

Development 

W'o luivo already (^oesidcri'd llie (l(W'(?l<)piiieiil. of simple prisms 
siicli as ilio cube, rectangular prism, and cylinder. 

4 

(a) (b) (c) (d) le) 

Fia. 22. 

Consider tig 22 (a), (6), (c), (d), (e), representing («) a Iriangi.lar 
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prism (soiiiotimes oallerl a wcdgo), (6) a liexflgtmal prism, (c) a 
sqiiaro^pyramifl, (d) a tetrahedron, and (e) a cone. 

Since the total surface area of a solid is tlie sum of the areas of 



Fig. 23. 


its separate fae(^, fig. 23 (a), (6), (e), (d), (c), represent the develop- 
meiit of the solids shoun on pag<^ 87. 

Note 

(i) Th(’ sides of all right, prisiii.s are roctatigles. 

(ii) The triangular sides of a pyramid .are iso.secdes triangles having an alti- 
tude e(|Uiil t(» ttie slant height of the pyramid. 

(iii) The four faees of a tetrahedron are all equilateral triangles. 


Exercise 59 

1. kSJiovv the devolopinent of the walls of a room 20 ft. long, 
15 ft. wide, and 10 ft. high. 8cale I in. JO ft. Eirid the 
area of the walls. 

2. A cylindrical vessel 1| ins. in height has an end diameter 
of J in. Show its development. 

3. Make a hand sketch of a triangular prism standing on 
an equilateral base J in. in length, having an altitude of 1| ins. 
Draw the development of the prism and estimate its total 
surface area. 

4. Examine a wedge, place it on its triangular base, and make 
a dimensioned hand sketch of it. Draw its development. 

5. Draw on squared paper the development of a hexagonal 
prism. Cut the figure out, allowing for necessary flanges, and 
build up the prism. Make? sketches of the model from three 
different points of view. 
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6. Construct a square on a base of 1-8 ins., and on each side 
of the square construct equilateral triangh^s having their 
vertices outside the square. Of what solid is your diagram the 
development ? 

7 . On the sides of an equilateral triangle draw three more 
equilateral triangles and cut out the resulting ligure. Fold 
to form a solid. What is its name ? How many faces has it ? 
How many edges ^ How many corners ? 

8. Show the development of a conical tent having a base 
diameter of 10 ft. and a slant ludght of 13 ft. Scale 1 in =5 ft 
(77-3-14.) 

Surface Area 
Exercise (>() 

1. A solid cylinder of cop|X‘r has an (md whose radius is 

r ins., and its altitude is h ins. ; write a formula for its total 
surface area, hind tlie total surfaci^ area when r- \ and 
/a=4. (77-3-14.) 

2. A drain pipe has an outer diamet(T of 1 yd. and is 5 yds. 
in length. Kind the area of its outer curved surface. (77— 31 .) 

3. What w'cight of l(‘ad at 6 lbs. per sqiiare foot would be 
requinxl to cover the inner curved surface- of a cylindriial 
tank having an iniuT diameter of 3-J ft. and a height of 6 ft ^ 
(77-3-14.) 

4 . The diameter of the base of a com? is 22 ft., and its slant 
height is 10 ft. Find the area of the curved surface. (77 - y.) 

5. Find the cost of the canvas, at 3s. Crl. a square yard, re- 
quired for a conical tc-nt wliich is 0 ytls. in diameter and whose 
slant height is 5 yds. ( 77 — y.) 

6. Find the total surface an^a of a square pyramid having 
one edge of its bas(; \l ins. and a slant hiught of 3 ins. 

7 . Find the cost, at 9d. j^r square yard, of painting the 
curved outer surface of a gasholder which is 15 yds. in height 
and which has a diameter of 15 yds. (77 -3-14.) 

8. The surface area of a sphere^ 47rr2 -477(^) ~4X77Xy 

4: 

=-77^2. 

Find the surface area of the following (77 — 3-14) ; 

(a) A ball having a diameter of 3| ins. 

{b) A marble having a diameter of 1 1 ins. 

(r) A sphiu'ical football having a diameter of 1 ft. 

{d) An orange having a diameter of 3 ins. 
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9 . The area of a circle ia sometimes said to be (diameter)^ 
X 0-7864. Show how^ this formula may U; obtained from 
when 7r=8-1416. 

10. Find the cost of covering a lu‘ rnisjdiei’ical dome with 
gilding, at 5s. a square inch, if the diameter is 1 yd. (tt - 3-14.) 

11. Find the coat, at 2.s. (id. pm* sq. yd., of asphalting a path 
(6 ft. wide) round the outside of a rectangulai* plot 120 ft. 
by 00 ft. 

12. The inside dimensions of an ofien rectangular tank are : 
length, 1() ft. (i iris. ; breadth, 14 ft. 6 ins. ; height, 6 ft. (5 ins. 
Calculate tlu^ cost of painting the whole of the inside surface 
of the tank, at the rate of Is. Od. jier sq. yd. 

Useful Constructions 

To divide a given straight line into any number of equal parts. 

Lot AB bo the given straight lino (fig. 24). At A constriiot 




^BAC of any convenient size. Mark off the required nuinbor of 
equal divisions along A(.. .loin tho last point to B and draw 
linos {parallel to this line f.hrougJi all tho other points. Tho 
divisions of AB are all ccpial. 

To divide a straight line in a given ratio. 

Lot AB bo tho given straight line which is to bo divided in tho 
ratio 1:2:3 (fig. 25). (^instruct /.BA(' as before and mark off 
1+2 + 3 — 0 equal divisions along AC. .Join the last point to B. 
Draw lines jiarallel to this lino througli the first and third points 
from A. The three divisions along AB are in tho ratio 1:2:3. 

Some Properties of Triangles and Parallelograms 
(i) 

Construct any scalene t.riarigle ABC and label its sides as in 
fig. 26. 
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Measiiro ABC, BCA, and CAB, and also moasiiro sides a, 
6, and c. 

Tabulate tlio results thus : 


ZCAB- 

side a ~- 

ins. 

/ABC- 

side b - 

,, 

/B(!A-- 

1 

side c — 



— (i) The greatest angle is opposite the greatest side. 

(ii) The smallest angle is opposite the shortest side. 

(ii) 

(.■onstni(!t any triaiigln AHC and produce its sides iii order 



|•osult.s thus : 


ZOAB 

/A('B 

/('BA 

/OB(J = 

/Ai'B 

/CAB-: 

/PCA - 

/CBA 1 

/CAB- 


ISote . — The exterior angle o! a triangle is equal to the sum of the interior 
opposite angles. 


(iii) 


Construct any |)ai allolograin A BCD (hg. 28). 

Produce D(^ in both directiojis. 

On AB constriK^t rectangle ABPQ as shown. 

Then, area of parallelogram AB(JD — AB x BP - area of rectangle 
ABPQ. 
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The area of a parallelogram is equal to that of a rectangle on 
the sanfe base and between the same parallels. 

(iv) 

In fig. 28 draw also [)nrallologi-aTri ABMN as shown. 

Area of paralhdograni 
ABMN-ABxBl^-aroa of 
])arall(^lograni AB('L). 

The areas of parallelo- 
grams on the same base and 
between the same parallels 
are equal. 

Since tlai diagonal of a 
paralli’ilogram divides it into 

two ecpial triangles, it follows that : 

The areas of triangles on the same base and between the same 
parallels are equal. 



Fig. 28 . 


Exkucisk 01 

1 . Draw linos 3 ins., 3*5 ins., and 4-5 ins. in length, and 
divider them into 3, 7, and 9 equal parts rcspoctividy. Chock 
by arithmetic. 

2 . Draw lines 27 mm., 3*0 cm., and 54 cm. in length, and 
divide them into 3, 9, and 0 })arts respi‘ctively. Compare 
with the calculated result. 

3. Show, by draw ing, how it is possible to draw' a line 1 j ins. 
long, using a ruler graduated in inches and tenths of an inch 
only. 

4 . Draw a lint' 4-8 cm. in length and divide it in thi^ ratio 
2:3:1. Measure the actual lengths ol)tain(‘d and check the 
accuracy of the construction. 

5. Show' how' to det(Tmine the position of points C and D in 
a straight line AB, 2*7 ins. in length if A( ■ : CT) : DB — 2 : 3 : 4. 

6. Construct any triangle XYZ such that ./ZXY -80'^ and 
/-XYZ-d^O'^, Without measuring determine w'hich is the 
longest and which i.s the shortest side. 

7 . Given that the exterior ba.se angle of an isosceles triangle 
is 135°, show how to constiuct the triangle on a base of 2 ins. 

8. Show why the sum of the exti'rior angles of a triangle 
must equal 4 right angles. 

9. A held is in the shape of a rhomboid. One of its sides is 
60 yds. long and its area is 1650 sq. yds. A rectangular field 
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of equal area adjoins it at its 66 yds. side. How wide is the 
second field ? ' 

10 . Show by diagram why a square and a rhombus on the 
same base cannot be equal in ai*ea. 

11 . A piece of linoleum is in the form of an equilateral 
triangle of side 10 yds. It is cut up and rearranged to cover 
a n^ctangular room 10 yds. in length. Eind, by drawing and 
measurement, the width of the room. (Scale 1 in.— 5 yds.) 

12 . Construct a triangle ABO such that AB 2*3 ins., 
/ BAC=80‘', / AB(.-— (JO'. On AB construct a rectangle (^qual 
in area to the triangle. 

13 . Show, by diagrafii, that the area of a triangle having a 
base 4 ins. and an altitude =8 ins. is equal to the area of a 
square on the same base. (Scah^ ^.) 

14 . (.\)nstruct a!iy n'ctangh^ ABOD having X tlu' mid-point 
of DA and Y the mid-[)oint of B(j. Join X Y and A(l What 
may bt^ said of the area of XY(tD and the area of ABC Why ? 

15 . Show how to draw a rectangle and a triangles on the 
same base so that the ai'ea of the rectangh^ is J that of the 
triangle. 


Quadrilaterals 

Any plane Hgiu’e bounded by four straiglit lines is a Quadri- 
lateral. 


Special Q uadrilalemls 

(i) Any qtiadriliilorul Jiaving its oppcj.sifc sides oqtial and parallel is a parallelo- 

Nus. I, JI, TTJ, IV, (i«. 20). 

(ii) A ri^ht-anglnd and rqiial-sid(‘<l paralldtigrani is a square (sne Nn. J, fig, 29). 

□ [=1 O 

I n m tv 3z m 

Fig. 29. 

dii) A right-angled parallelograrii not having equal .sides is a rectangle or 
oblong (see No. TT, lig. ^). 

(iv) An equal-sided parallelogram, not right-angled, i.s a rhombus (S(;o No. HI, 
lig. 29). 

(v) A parallehjgrain mjt equal-sided and not right-anghid is a rhomboid (see 
No. IV, fig. 29). 

(vi) A quadiilateral having one ])air only of opposiU' .si<le.s parallel is a trapezoid 
(see No. V, lig. 29). 

(vii) A quadrilateral having two pairs only of its adjacent sides equal and 
also one pair only of its opposite angles equal is a kite (see No. VI, fig. 29). 
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Exercise 62 

1. Draw any quadrilateral ABCD and copy it. juabel the 
second quadrilateral A'lVCT)'. Using tracing paper, show 
that ABCT) is equal in all respects to A'B'C'I)'. 

2. Draw a quadrilat(^raI ABCD having AB=2*7 ins., 
AD :: 3-2 ins., B(- 3*2 ins., and ,/ BAD- 30° and / ABC -150°. 
Name the quadrilateral and test its properties. 

3. (.'onstruct an equilateral triangle OMN on a base OM, 
3*9 cm. On OM construct an isosceles triangle OML with 
base angles-- 50 ' and having the apex on tlu* opposite side of 
OM from N. Name th(‘ figure MNO and test its properties. 

4. Draw any triangle ABC, and through a point D in AC 
draw a liiu‘ parallel to AB cutting BC in E. Nanu^ the figure 
ABED. 

5. Draw any quadrilateral ABCD and make a copy of it 
by the following m(‘thod. (’opy triangle ABD ; complete 
the quadrilateral by copying the triangle BDC. 

6. Draw a circl(‘ US ins. radius; take any points A, B, C, D 
in its circumference ; join them to form a quadrilateral. 
Such a quadrilateral formed in a circle is calltid a cyclic quadri- 
hiteral. What is the. sum of each i)air of opposite amjles ? 

7. Construct a cyclic quadrilateral ABCD and produce AB 
to E. Measure zCBE and / ADC. How may the result be 
explained ? 

8. Draw a circle with a radius 1*6 ins., having its centre at 0. 
Take points A, B, C, D in tlu^ circumferenc(\ Join the points 
to form a quadrilat(;ral ABCD, and join OA and OC. Show 
by measur(;ment that ^ADCJ- / ABC”half the sum of the 
angles formed by AO and CO, i.e.=2 right angles. 

The Area of a Quadrilateral (6g. 30). 

Tlie diagonal AC divides quadrilateral ABCD into triangles 
ABC and ACD, and BP and DO are perpendiculars on AC. 

Area of 3’i*ianglo — | Base X Altitude. 

. ’. Area of A ABC = | AC X BP. 

and Area of AA(.D ACxDO. 

Area of ABCD =4 AC X BP+ ^ AC xDO 
AC(BP+DO). 

Write the rule in your own words. 
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The Area of a Trapezoid (fig. 31). 

Tlio diagonal AC divides tlie trapezoid ABCD into triangles 
ABC and ACD. Eacjli triangle has an nltitinlo— /i. 

Area of AJK^D-^ (AB | DC) x/i. 



Fig. 30. 


Fio. 31. 


The Area of a Kite (tig. 32). 

'Hie diagonal A(’ divides tlie kite AB(.’D into triangles AR(/ 
and ACD. 'J’he pcrpendiculai's from B and D upon A(.' meet at O. 
Area of ABCD-il At^BO fDO) 

-:.i AC Bl). 

Write the rule in your own words. 

Reduction of a Quadrilateral to an equivalent Triangle. 



Fig. 32. Fig. 33. 


ABCD (fig. 33) is the given quadrilateral. 

Construction . — Draw diagonal DB. Broduee AB to O. From 
C draw CE parallel to DB, cutting AO in E. Join DE, cutting 
BC in Q. Then AAED is equal in area to quadrilateral ABCD. 

Proof: Quadrilateral ABCD =AABD-| ABCD. 

Triangle AED - AABD H ABED. 
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And ABCD - ABED, because both have the samo base BD and 
the saiMo altitude {h). 

Triangle BKl) Quadrilateral ARC'D. 


Exercisi: 63 

1 . Draw a quadrilateral A BCD having 

AB-::8-7 cm., /BAD-72^ AD.=5-8 cm., Mi3C-53°, and 
BC- 5*2 cm. 

Find th(? area by (i) reduction to an equivalent triangle, and 
(ii) measurement and calculation. 

2. Proven that the an^a of a trapezoid is equal to the product 
of the average length of the parallel sides and the altitude of 
the trapezoid. 

3. A piece of zinc is in the form of a tra])ezoid. The two 
parallel sides measure IS-6 cm. and 84 cm. res])ectivoly, and 
the perpendicular distaneci Ix^tween them is 4 cm. Find the 
value of the zinc at I .Jd. per sq. cm. 

4. Draw a trapr>zoicl having its parallel sidi‘s 4 ins. and 2 ins. 
respectively and area 9 sep iiis. If a third side; of the 

tra|)ezoid is 3J ins. long, find by 
construction and measurement the 
length of the fourth side. 

5. Fig. 34 represents the cross- 
section of a tunnel. Find the 
volume of air enclosed in the 
tunnel if it is 12| yds. long. 

6. Find the area of the piece 
of cardboard represented by the 
trapezoid ABCD (fig. 35). 

7. Draw an equilateral triangle on a base of 34 ins. Draw 
its altitude and through its mid-point draw a line parallel to 



t’lG. 34. 




Fm. 35. 


Fia. 36. 


the base. What fraction of the area of the original triangle 
is the area of the trapezoid formed ? 
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8. A kite has diagOMals 5 R. and 12 ft. long. Make one 
scale drawing of tlio kite (1 in. 2 ft.) and calculate its area. 
How many such drawings (;au Ik^ made ? Can the ar(‘a vary ? 

9. Find the area of a (quadrangle of tlie dinanisions sliown 
in fig. IK). 

10. A boy makes the wooden skeleton of his kite l)y nutans 
of two sticks IS ins. and 1) ins. long at right aiigk^s to each other. 
What will be the surfacio area of the kite when conipl(‘ted ? 

Circle, Chord, and Tangent 

Fig. 37 shows linos drawn within or touching a oirch'. 




A chord is a straight line joining any two ])oints on tiic circaiin- 
foronco, e.ij. AB. 

A diameter is a ('hord which jaisses through th(‘ centre* of tlic 
circle, e.tj. ( -D. It is tlie longest possible chord. 

A segment is any [)art of a circle bounded by a chord and an 
arc : AMB is a minor segment ; AQB is a major s(‘gn)ent ; ('AID 
and C(^D are semicircles. 

A sector is any part of a circle bounded by two radii and an 
arc, G.g. P(^Q. 

A tangent is a straight line which touches a circle in one point 
only and does not cut tlio circle when ])ro(hiced, e.g. SQT. 

Useful Constructions 

1. To find the centre of a given circle. 

Take any three points, A, B, (’, in the given circle (fig. 38) and 
draw chords AB and B(!. Draw th(’( perpendicular bisectoj*s of 

7 
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AB and B(’ and })roduce tlicni to intorHoet at (). O is the centre 
of the ^‘ivon circle. 

2. To draw a tangent to a given circle at a given point in the 
circumference. 

Let J* bo the given jioint in the cireiirnfcrence of the circle, 
having its ciaitre () (tig. 30). doin OP. Draw' the lino RPQ 



perpendicular to OP. K1*Q is tlie required tangent at P, the 
jioiiit of (contact. 


The angle in a semicircle is a right angle. 

Diaw a dianietor Al^ (fig. 40), and from points P, Q, and K in 
tile (areiiniference draw lines to A and 11. Measure the /.'s 
APB, AQB, and AHB. 'IVy as many more as yon wisJi. 

The mtgle in a mnicirde is always a 
rigid angle. 

The angle in a major segment is acute 
and the angle in a minor segment is 
obtuse. 

Draw' a chord AB (fig. 41) loss than a 
diameter. 

In the major segment take points P 
am IQ. In the minor segment take points 
H and 8. Join all these points to A and 
B. Measure ^’s APB, AQB, ARB, and 
Fig. 4J. ASB. 

/.’s APB and AQB are acute and /.’s 
ARB and ASB are obtuse. Try as many more as you wish. 

Note that angles in the same segment are equal.. 
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3. To draw a tangent to a given circle from a given point outside 
the circle. 

Jjet P «be the given point 
and O the centre of the given 
circle (fig. 42). .Join PO. 

Describe the circle of which 
PO is a dininetor and let it cut 
the given circle in A and B. 

Join PA and PB, producing 
both lines. These lines satisfy 
the required conditions of 
tangency. 

Fio. 42. 



Exercise 64 

1. Take any two points and describe three (urcles which pass 
through both points. Where do the ccnitres of the circles lie ? 

2. Draw any triangle ABC and construct il-s circumscribing 
circle. 

3. Draw triangle ABC having AB— 5 cm., BC- 4 cm., and 
AC =3 cm. Draw its circumscribing cii‘cki. Where is the 
centre of the circle ? Why ? 

4. Draw a line PQ 2| ins. long and construct Z.PQR=d)5®. 
Eind a point S in QR so that ^PSQ is a right angle. 

5. Construct a rectangle 8 cm. by 3*5 cm. Eind a point 
in one of the longer sides such that when it is joined to the 
extremities of the opposite side the angle so formed is a right 
angle. Is there another such point ? 

6. Draw a line AB 2-7 ins. long, and on it construct an 
isosceles right-angled triangle AOB, having the right angle 
at 0. 

7. Draw zABC=90®, and, using the least possible con- 
struction, describe a circle to pass through A, B, and C. 

8. In a given circle draw a chord PQ less than the diameter. 
Take a point A in tlie major segment and a point B in the 
minor segment and join to P and Q. Name the figure 
formed. Measure all its angles and find the sum of the two 
pairs of opposite angles. 
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9. T)niw a circle of radius 1*25 ins., and at any point T 
construct a tangent to tlic (;ircl(\ 

10. Draw a circle of diameter 2 ins. and from a point 2J ins. 
away from its centre draw two tangejits to the circle!' 

11. Draw two circles with diameters 2 ins. and 1^ ins. 
respectively, and having their (umtres 2J ins. apart. Con- 
struct {a) two exterior common tangents, (6) two interior 
common tangimts. 

12. Draw a circle such that it will pass through two given 
points A and B and touch a given liiui PQ. 

13. Cbnsti uct an angle of OO^' and draw a circle such that 
both arms of the angles form tangents to the circle. 

14. Construct a rliombus having two angles each = ()0", and 
inscrilw' a circl{‘ within it. 

15. (Construct an isoscc'lcs triangle on a base b-S cm. long 
and having an altitude 4*7 cm., and within it inscribe a 
circh*. 

16. Inscribe a circle in a s(piare, a rhombus, and a triangle. 

17. Construct a triangle having sides 2*8 cm., 3-b cm., 4*2 
cm. long. Produce the sides and construct the three escribed 
circles. 

18. Draw a circle of -8 m. radius, and fix any poijit 2-4 ins. from 
its centre. Now draw a circle to ])ass through the given ijoint 
and to touch the given (;ir(;le. Draw the common tangent 
to the two circles. 

19. Draw a (jircle with radius 2 ins., and in it draw two 
chords AB and CD intersecting at Q. Prove by calculation 
and by diagram that the area of the rectangle AQxQB-^the 
area of the rectangle CQ X QD. 

20. Draw a circle with radius 2 ins., and draw a diameter 
Al? cutting a chord CD at right angles. Prove, as in cpiestion 
19, that AQxQB=CQxQD QC^^QD^. Hence, find, by 
drawing, the scpiare root of 25 ; 3b ; 18 ; 28. 

Polygons 

Figures boim(l(Ml by straight lines are named thus : 

(i) Triangles when bounded by tliroe straiglit linos ; (ii) 
Quadrilaterals when bounded by four straight lines ; (iii) Polygons 
when bounded by more than four straiglit lines. The various 
polygons are : Pentagon, liaving five sides ; Hexagon, having 
six sides; Heptagon, having seven sides; Oetagon, having eight 
sides ; and so on. 
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A [)()lygoii with all its kIcIcs equal is an equilateral polygon 
(fig. 4,3). « 

A polygon with all its angl<‘s equal is an equiangular polygon 
(tig. 44). ^ 



Equiangular 
pentagon 

Fio. 14. 

A [)olygon wliicli is both equilateral and equiangular is a regular 
polygon (fig. 45). 

A polygon Jiaving eacii of its angles less than 1H0‘ is n convex 
polygon, e.<j. figs. 4:1, 44, and 45. 



Fig. 45. Kn,. .j,;. 


Equilateral 

pentagon 

Fio. 43. 



j be line joining tw o iioii-eonseeulive \eitic«'s of a ijolyaon is 
called a diagonal. 

To construct a regular polygon (i) within, (ii) about a given circle. 

l-)ra\v a circle having its centre O (fig. 40). 

(i) At O eonstruct an aiiglo--^ . (a -the niimher of tJie sides 
01 tlio polygon.) Produce the aims of the angle to eul tiie circum- 
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ference in A and B. Join AB. n chords, each equal in length 
to AB, may now be Hte|>pe(J off round the circumference. The 
roisulting figure is the required polygon 
within the given circle. * 

(ii) Proceed as in (i) above, and at 
each vortex of the resulting polygon 
construct tangents to the given circle. 
The tangents form the polygon about 
the given circle. 

To find the area of a polygon. 

Divide it into triangles and find the 
sum of their areas. 

Note that to find the area of a regular 
polygon of n sides (fig. 47), Area 
Fio. 47. =^nx^xAB. 

Exercise 65 

1. Draw a pentagon, a hexagon, and a heptagon. How 
many sides has each ? How many vertices ? Show that in a 
polygon of n sides it is possible to draw w— 3 diagonals from 
one vertex of the polygon. 

2. In a polygon of n sides the diagonals from one vertex 
divide the polygon into n-~2 triangles. Test this statement 
in the case of a pentagon and htjxagon. 

3. In a circle having a radius 2 ins. inscribe a regular octagon. 
Inside the octagon inscribe a circle and measure its diameter. 

4. Inscribe a regular hexagon within a circle of 2J ins. radius. 
H A, B, C, D, E are five consecutive vertices of the hexagon, 
join AC, CE, EA, and find without using a protractor the 
magnitude of zCAB and Z.ACB. 

5. Circumscribe a regular hexagon about a circle having a 
radius IJ ins. Measure the length of one side and thence 
calculate the area of the hexagon. 

6. In a circle of I J ins. diameter inscribe a regular hexagon 
and also an equilateral triangle. Find, by measurement, the 
perimeters of the hexagon and triangle. 

7. Draw geometrically a re^lar pentagon, such that its 
circumscribing circle has a circumference =3* 14 ft. (Scale 
2 ins. = l ft.) 

8. Construct a regular hexagon of side IJ ins. Measure 
the shortest distance from the centre to one of the sides. 
Find the area of the hexagon. 


D 
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9 . Within a circle having a diameter of 8 cm, inscribe a 
regular hexagon. Measure the perptmdicular disfcandfe from 
the oentijp of the circle to one of the sides. Find in sq. cm., 
to two places of decimals, the difference between the areas of 
the circle and the hexagon. 

10. The end of a concertina is hexagonal. Tlu' diamo;t(‘r 
of the end is 9 ins. Draw a dimensioiK^d figure of one end, to 
a scale 3 ins. — 1 ft. 

Surveying 

1’he following ta])les are u.sed in surveying : 

Length. 

100 links = I chain. 

22 yds, —1 chain. 

80 chains— 1 mile. 

Area. 

(100 linkH)2 10,000 sq. links- I sq. ch. 

(22 yds.)2 —484 sq. yds. == I sq. ch. 

10 sq. chs. = 100,000 links — 1 aero. 

Note.—l link =7-92 ins. 

When surveying an irregular plot of land a con- 
i’’onienfc diagonal is drawn and measured. This is 
known as a base line (NS, fig. 40). 'l4io porpen- 
li(5ulars to this base line are found by means of a 
jross head (fig, 48), and moasureil in links and Ftg. 18. 
diains, Tliose perpendiculars are callofl offsets. 

I’articulars of tht? base line and off-sets are entered in a field 
lote-book, thus : 



(Jff-sets to Loft. 

Base lane. 
North to South. 

Off-sots to Kiglit. 


To N. . 

40 (diains 



35 „ 

10 to C. 

10 to D 

30 „ 


10 to E 

25 „ 



20 „ 

5 to B. 


5 „ 

10 to A. 


To S. 
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H roiij this data a scalt' di'awiii^ of tlio irregiilai' polygon rapre- 


N 



senting tiu^ arc^a surveyed (fig. 4U) is eonstrueled (fig. 50), and 
from it tlio roquir(‘d area is calculated. 

Total area of polygoii SAHCNDR is ecjual to the total area of 
. , ’■>>10 

triangle fSAa - - 25 sc,, cdiains 

trapezoid ciAn5^-" ^^ ' - "*—112^ ,, ,, 

trapezca^l „ 

. ’^>XlO 

triangle c(N = — -- ^25 „ 

triangle NI3d ^ ^50 „ „ 

rectangle DEed— 10 X 5 = 50 ,, ,, 

. , 25 x10 

triangle E(?!:> = — ^ — —125 ,, 

Area of iiolygoii SARCNDE —500 „ ,, 


SURVEY4NG 

Exercise OO 
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Eioni the following extracts from a surveyor s field iiotc;- 
book draw plans of the areas surveyed and calculate their areas. 


(I) Scale 1 in,--l(X) (‘.haiii.s. 

(2) Scale 1 in. - 100 link.s. 

T.eft. 

Rase Line. 

Right. 

Left. 

Ra.sc Line. 

Rigid. 

2(X) Id I) 

To N. 

350 chains 
2S0 „ 

150 „ 

^^0 „ 
Fj'orn S. 

KX) to A 
1(>0 to R 

80 l o 

310 lo S 

3 10 to R 

I’o E. 

-100 links 
310 „ 

2(K) „ 

180 „ 

From W. 

280 to P 

100 to Q 

(3) ^ Scale 1 in. — KX) links. 

(4) Scale J in. =10 chaiius. 


To W. 



To S. 


3(10 (d P 

3S0 link.s 


40 to A 

lOO chain.s 



320 „ 

1 to lo M 

55 to IJ 

1, 


2(K) to N 

120 „ 



1^^ „ 

25 to (! 


From E. 



From E. 


(o) Scale 

in. - 1 chain. 

(0) Seal 

• iV, in. -1 yd. 



To N. 



To W. 



7r» chains 

12 t.. F 

18 to A 

3!) yds. 


11 to A 

(il „ 



32 „ 

5 lo F 


35 „ 

12 to K 

10 to j; 

27 



32 „ 

8 lo 1) 


U) „ 

11 lo E 

20 lo 11 



8 to (' 

10 „ 



s „ 

5to(; 


'1 n 

J 1 to I) 

1 _____ 

From S. 



From N. 



Square Root 

KxiDnplc (i). Find the square root of 103011. 

10':M)'41(32I 

0 
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\ 

Steps 

» 

1. Mark off the number into periods of two figures each, beginning with the 

units figure. The lust period may contain only one figure. The number of 
periods is eoual to the number of figures in the root. * 

2 . Find tne highest number whose square is contained in the last period, and 
place this number in the root as shown. 

3. Subtract the square of 3 from 10. 

4. Bring down the next period to the remainder, making 130. 

5. Double the root already obtained and place it in the divisor. 

6. By trial, determine the rest of the divisor. Place 2 in the root and in the 
divisor. 

7. Subtract 2x02 from 130. 

8. Bring down the next period to the remainder, making G41. 

9. Continue the above process. 

Example ( i i ) . Find th e square root of 51*9 84 1 . 

r)r-98'41(7-2l 

40 

142 298 

284 

1441 1441 

1441 


Steps 

1. Beginning at the decimal point, mark off the number into periods of two 
figures, first, to the left and then to the right. 

2. Continue the processes as in Example (i). Kemember to place a decimal 
point in the root before bringing down the first decimal period. 

Compan* the above method of finding the scpiare root of a number with the 
algebraic method (p. 09). 


Exercise 67 

Find the square roots of : 

1. (a) 60516. (b) 174724. (c) 7209225. 

2. (a) 6-0516. (b) 1747-24. (c) 7-209225. 

3. (a) 605-16. (6) 17-4724. (c) 720-9225. 

Evaluate : 

4. { a ) Vmm (6) ^14^4 (c) Vm^ 

5. (a) Vno-mn (/>) V14S-H4 (c) ^176-89 

6. (o) V37326-24 (6) V373-'2624 (c) ^3-732624 

7. If the area of the development of a cube is 144*06 sq. ins., 
find the length of its edge. 
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8 . The area of a square picture is 49 sq. ins. When framed 
in a square frame the total area is 179-5G sq. ins. Find'(i) the 
area of tlje frame alone, and (ii) the length of the edge of the 
frame. 

9. A rectangular garden is 32 ft. x 512 ft. Find the length 
of the side of a square garden having its area four times that 
of the former. 

10. What is the perimeter of a square of area 795-24 sq. yds. ? 

11. A square floor has an area of 334*89 sq. ft. Find the 
length of its side. 

12. One face of a cube has an area of 39-69 sq. ins. Find 
its volume. 

13. A eircle has an area of 300 sq. cm. Find the radius to 
the nearest niillimetre. (77=3-14.) 

14. Find, to three places of decimals, the value of : 

(i) (ii) V5+V3. (iii) Vs+Vl. 

15. A cubical cupboard has a square door having a square 
window. If the window has an edge 5 ins. and the rest of 
the door an area of 12*21 sq. ins., find the length of the edge 
of the door. 

16. Find the length of wire netting required to extend four 
times round a square paddock of area 519,841 sq. ft. 

17. Calculate the error, to three places of decimals, when 
Vl is taken as 2-64. 

18. What is the length of tape n'quired to hind the edg(\s of 
a cul)o of which the outer surface area is 302-46 sq. ins. ? 

19. If a^=: 118-5921, find the value of a. 


The Right-Angled Triangle 

Examine the triangle ABC (fig. 51), which is right-angled at B. 

AB is the base, 13(" is the altitude, and the side opposite the 
right angle is the hypotenuse. 

Experiment 1. — Draw on squared paper a right-angled triangle, 
as ABC (fig. 61), having AB 3 divisions long and BC 4 divisions 
long. Measure the hypotenuse. It is 5 divisions long. 

Then the sqtmre on the hypotenuse (25 small squar es )~^/te Hum 
of the squares on the other two sides (9 small squares-! 10 small 
squares). 

Experiment 2. Draw on srjuared paper a right-angled triangle 
as before, having AB 5 divisions long and BC 12 divisions long. 
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Measure the hypotenuse. It is 13 divisions long. Again, the 
' _ squai e on the hypotenuse = the sum 

of the scjuares on the other two sides. 

Experiment 3.- Draw dn squared 
paper a riglit-angled triangle as bo- 
*§ fore, choosing your own lengths for 
-u the sides. Find again the above re- 
" lationsliip of the squares on the sides. 
"" Experiment 4. Draw any right- 
angled triangle on cardboard, and 
\ Base ""b then (;onstruct squares on the sides. 

Find the above relationship by 
weighing. 

Experiment 5. — Draw on squared paper a right-angled triangle 


H 



Fio. 52. 


ABC, and the squares on eaeli side, as in fig. 52. 
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O is the mid -point of ADEli. 

Tiimugli O draw a line jiarallel to AC!, and also through () a 
line at right angles to Al!, thus dividing ADER into four eon- 
gruenti (juAdrilaterals. 

Cut out these four quadrilaterals and the square (.'RFC, and 
ar-i'ango them in the [lositions indicated in fig. 52. 

A( ihl-ADER I ( RFC. 

i.e. A(!2^ AR2-I R(J2 

^2 52 I a2 

52 ^ 52 .. „2 
a2 == 52-52 
And 5 \^5'^ a2 

5 y'52- a2 

a — Vh'^ h-. 

I^is property of right-angled triangles was fii’st discovered hy 
the Creek, Pythagoras, and is known as tho'l’heorem of Pythagoras. 
It may bo fully stated thus: What- 
ever figure be constructed on the hypo- 
tenuse, the area of it is equal in area 
to both the similar figures constructed 
ou the other two sides of the right- 
angled triangle. 


E 


>B 

Fig. 53 . jPio. 54 . 

Now consider the right-angled triangle AR(!, wiien .\R~RC! 
(fig. 53). 

The triangle AR(' is an isosceles right-angled tiiangle. 

Then 52— a 2 d 52=202 or 252. 

5 = V2a2— a ^2. 

Complete the square ABCD. 
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^ Thesquaroon the diagonal— twice the square on one side. 

The diagonal of a square— V2 xside 

— 1*4 14 A side. ^ 

The properties of right angles suggest a method of finding the 
square roots of the numbei*s 1 to 9 by drawing, thus : 

Construct an isosceles right-angled triangle ABC- having equal 
sides I in. in length (fig. 54). Then AC= V 2 '. (.'onstnict 
right-angled triangle ('AT), making AD — 1 in. Then DC — 
V2H 1 ins. = Vs"'; similarly EC= V4^ ; FC=V5 "; and so on. 
Compare the results obtained by drawing and by calculation. 


Exercise 68 

1. Two roads meet at right angles, and from the junction 
two cyclists travel, one on each road. One travels at 16 iliiles 
per hour, and the other at 12 miles per hour. What distance 
is the first cyclist from the other after 15 mins. ? Illustrate 
your answer by a scale drawing of 1 in.— 1 mile. 

2. Draw on gummed paper a right-angitid triangle, base=--lj 
ins., and altitude- 2 ins. Construct squares on its three sides, 
and by cutting and superposing show that hypotenuse*^ 
— base*^ altitude*. 

3. Construct a square of 7 era. side, and draw its diagonals 
and its circumscribing circle. Measure the radius of the 
circle and chock your result arithmetically. 

4. The diagonal of a rectangle is 16 cm., and its shorter side 
is 9*6 cm. Find the length of its longer sidci. Check your 
result by constructing the rectangle. 

5. The hour hand of a clock is 3-9 cm. long, and the minute 
hand 5*2 cm. long. Find the distance between the tips of 
the hands at 9 o’clock. 

6 . A wireless aerial is stretched from the top of a pole 36 ft. 
high to the top of a pole 48 ft. high and 38 ft. from the first 
pole. Find the length of the aerial correct to the nearest yo fl'- 

7. The diagonal of a postcard is 6^ ins. One side of the 
postcard is 3*4 ins. F’ind (a) the length of the adjacent side, 
and (6) the perimeter of the postcard. 

8. A ladder 38 ft, 6 ins. iong, resting on the ground at a 
point 5 ft. 10 ins. from a house, just rimches the roof. Find 
the height of the roof from the ground. If the foot of the 
ladder is placed 1 yard further away from the house, how much 
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lower would its other end rest ? (Answer to the neared 
incli.) ^ 

9. Calculate the altitude of a right-angled triangle which 
has its h5'*jr)oteniise, (^>| ?/) ins. and its base, y) ins. 

10. An isoscicles triangle has a base, 2{a \-b) ins., and its 

altitude is \ 2ab ins. Find its perimeter. 


Volume 

Wo liave soon tliat tlio volume of any riglit firism may bo calcu- 
lated from the formula : Vol- 
ume-^ Area of Base > Altitude. 

(^’onstruct of strong); paper a 
cylinder and a cone of equal 
altitude and equal diameter. 

Fill the cylinder with sawdust 
frorub the cone. Tlio c.ylindor 
holds exactly throe limes as 
much as the cone. 

Hence the formula for the 
volume of a cone is 

Ari^a of Base x Altitude 7Tr% 

Volume— - .j -- .j • 

The volume of a sphere - 

When a plane figure revok es about a stationary axis it is said 
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to generate a solid figure. Thus ; 

A circle revolving about its diameter generates a sphere (fig 65). 
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A right-angled triangle revolving ahoutdts altitude generates a 
cone (fi'g. 56). 

A rectangle rovailving about onci sitle generates a cylinder 

(fig. 57). 

Exercise 69 

(hi each ease, lot tt— 3*14.) 

1. Calculate the cubical content of the solid shown in fig. 58. 

2. Eind the volume of a cylinder which 


will just lit inside a cube of side = 3 ins. 
Find also the volume of a cone having the 


3 






- 3Js 
Fig. 


58. 


same base and altitude, and of a sphere 
having the same diameter. 

3. A piece of glass tubing 12 cm. long 
has an (external diameter of 7 mm., and 
an internal diameter of 5 mm. Fintl^the 
volume of glass it contains. 

4. A section of a coping stone is shown 
in fig. 59. Tf the stone is 2| ft. in length, 
find its total volume. 

5. The diagonal of the base of a column 
of five cubes is 1 ft. 6 ins. Find the volume of the column. 

6, A cylindrical pedestal has a vol ^ ^ 

ume of 28*5 cu. ft. and is 4*5 ft. in 
height. Find the ai’ea of a horizontal 
cross-section. 

7, A cubic foot of copyx^r is drawn 
into a wire of in. diameter, flow 
long is the wire ? (Answi'r in miles 
and yards.) 

8, How often does the volume of a 
sphere of 4 ins. radius contain that of a s])here of 1 J ins. radius ? 

9. A regulation football, when inllated, has a 
diameter of 28 cm. Find its volume. 

10. The base of a supporting stone pillar for 
a roof is shown in fig. 60. If the pillar is 18 ft. in 
height, find the total volume of stone it contains. 

11. How many cubic inches of lead are re- 
quired to make 2 yds. of circular lead piping of 
external diameter 2J ins. and internal diameter 
2 ins. ? 

12. A boy’s hoop has a circumference of 6-5 ft., and it is 




Fia. 60. 
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made to spin about its diameter. Find the volume of the 
sphere it generates. 

13. An isosceles triangle has a base 2*8 ins. and an altitude 
3*7 ins. If it revolves about its perixjndicular from apex to 
base, find the volume of the solid it generates. 

14. A conical tent is pitched on a circular patch of ground 
of radius IJ yds. If the tent pole is ft. above the ground, 
find the air space in the tent. 

15. A solid stone monument consists of a cylinder sur- 
mounted by a cone of the same diameter. The total height 
is 28 ft., tile height of the cylinder 21 ft., and the diameter 
8 ft. Find the total volume of stone in the monument. 

16. The mean diameter of a plant pit is 30 cm., and it is 
28 cm. deep. How many cubic decimetres of soil will it hold ? 

TESTS 

lOXEKClSlO 70 a 

1. A certain make of motor cy<Uc co.st £95 when new, and was 
later sold seconddiand for £70. Calciilato the pcrc(3ntag(? reduc- 
tion in price cori’cct to the nearest second decimal |.)lace. 

2. Considoring equal volume, cop[)er is S’Or) times a,s heavy 
as water. If J cu. ft. of water weiglis ()2-3 lbs., what is the weight 
of 4-20 cu. ft. of c.oppcr ? 

3. A j’oller for a cricket pitch is 3 ft. 3 ins. in diameter. How 
many t urns will it make in travelling a distance of 30 yds. ? 
Clive the answer correct to two places of decimals, (.t — 3*14.) 

4. 'rho minute hand of a clock measures 3’()0 ins. from the 
centre of the clock face to its point. Calculate the area traced 
out by the minute hand in square inches during one hour. Clive 
the artsw^or correct to the nearest second decimal place. ( te ^ 3* 1 4. ) 

6. (u) On a map the distance by rail from Man(4iester to Holton 
is reprcscnteil by 5*30 ins;, and from Holton to Preston 
by 10-25 ins. If on the scale of the map ^ in. 
represents one mile, what is the ilistance from 
Manchaster to Preston by this railway route ? Give 
the answer in miles and decimals of a mile, 

(b) A man earns £3 per week for two weeks, £3, 5s. per week 
for the next three weeks, and £3, 2s. for the sixth 
week. Find his average weekly wage for the six 
weeks. 

6 . Two flagstaffs are 76 ft. apart, and one is 15 ft. higher than 
the other. What is the shortest ilistance from the top of one to 

. 8 
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I'ne top of the otlier ? Give the answeu in feet and decimals of 
a footv correct to two decimal places. 

7. A drawing board was made to the following dimensions: 
length, 30 ins. ; width, 24 ins. ; and thickness, f in. Jf the wood 
of which it was made weiglis 33 lbs. per cubic foot, calculate the. 
weiglit of tlio board in lbs. 

8. {a) A rectangle has an area of xy .sq. ft. and a length of x ins, 

W^iat Is the widtli of the rectangle in inches ? 

(6) Calculate the value of 
;r(R2_r2) if 
R — 4-2, and r—2‘\. 

(c) The three sides of a triangle 
are a -26, 2a | 6, and 3a 
— 46 ins. respectively. 
Give the oxjiression for 
the perimeter of the tri- 
angle in inches. 

9. Fig. 01 represents the cross - 
ction of an iron girder. Find the 
oa of the cross -section, (a) in 
sijuaro iriclies, (6) in square feet. 

10 . (a) Solve the equation }{x — 

(6) Find tlie value of V, being given that S^VT and S 
— 28 when T== 1-25. 

s 

(c) What is the value of 7j(A-f4B f-2C) when S=l-2, 
A-2-8, B=8'4, and 0=6-4 ? 



Exercise 70b 

1 . (a) Find the value of (3-00-(- -306 + 306-06) x *12. 

(6) Wliat is the ratio between 3-06 and -306 ? 

(c) Find the square root of 9-3636. 

2 . Find the value of x in each of the following equations : 

/ , 2 a^x a3 

(o) -=12. (6) (C) 3(2*-4)=4-a. 

3 . Write down the approximate values of the following lengths, 
each to the nearest centimetre ; 

567 mm. 2-63 m. 0-648 m. 

4. Simplify ; 

, , ^ + c 1_ 

® ' 62-C2 6+c* 

In the result you obtain substitute 6=1, c=2, and determine 
its value. 
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5 . A rectangular plat«, breadth 7 ft. 6 in. and thickness I inf, 
is made of brass of relative density or specific gravity 8 4. Its 
weight is 6561^ lbs. Find its length. (Assume that 1 cu. ft. of 
water weigtis 62*5 lbs.) 

8 . (a) What is 5 per cent, of 1 ton ? (Answer in lbs.) 

(6) What weight in grams is equivalent to -2 per cent, of 
1 kilogram ? 

(c) Find the number of which 20 Ls 40 per cent. 

7. A square has an area of {a2—(\a-\ {)) sq. ft. State tlie lengtii 
of its side. 

If the length of this side bo diminislied by 1 ft., find tlic area 
of the square formed on it. 

8 . If two pulleys of diameters Dj and D., are connected by a 
belt, the respective speeds Nj and N 2 ‘'I H*® pulleys are gi\’en by 
the expression : 

Dj: Do-N.,: Nj. 

li^he pulleys be IS ins. and 25 ins. diameter, and the^ sniallor 
pulley makes 125 revolutions [)er minute, find the revolutions i)er 
minute of the larger one. 

9. Simplify: 

{4a;-(;r j y) \-2{-x \-y)) {x{x- y) \ y^. 

10 . By using a screw jack, a weight 11 is just rai.sod )\y a force 1\ 


R lbs. 

.0 

30 

50 

75 

100 

125 

F lbs. 

1 -5 

2d 

3d 

4-3 

5-2 

6-2 


Show the relation between weight raised and force used by 
means of a graph, ]dotting weight raised horizontally to the 
scale 1 in. — 20 lbs., and force used vertically to the scale 1 in. — 1 lb. 
From the graph find the force required to raise a weiglit of (iO lbs., 
and the weiglit raised by a force of 6 lbs. 

Exercise 70c 

1 . (a) Find the value of 75-f) x -OSS^-S of 160). 

(6) What will be the cost of painting 100 ft. of piping 3^ ins. 

outside diameter at 4d. per square foot ? { 71 =^ y.) 

(c) A uniform bar of iron, length 7 ft. 6 ins., has a weiglit of 
60 lbs. What will be the weight of the remaining 
piece after a length of 2 ft. has been cut off ? 

2 . A metal sash weight for a window is to bo 2^ ins. square in 
section, and it must wei^ 30 lbs. Find its length if 1 cu. in. of 
the metal weighs *48 lb. 
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' 3 . Crivon that ] cii. cm. of copper weighs 8*04 grams^ find the 
weiglitof 12 metres of cylindrical copper wire of 2 mm. diameter. 
(71=3-14.) 

4 . AB and BC (fig. 02) represent two roads at righV? angles to 
each other. From A to C there is a straight path. What dis- 
tance is saved by taking the path from A to ( > instead of walking 
along AB and BC ? 

6. Find the cost, at 4.^d. per lb., of tlie piece of mild steel plate 


^ - 8 " - > 



<12. Pk,. G3. 


shown in fig. 63, if I si;, ft. weighs .'l-O lbs. 

6. In a friction experiment with a weighted slider dragged along 
a horizontal surface, the fc^luwing figures were obtained : 


Total weight dragged (lbs.) 

2 

4 

() 

8 

!) 

Horizonfal pull (lbs.) 

•7 

1-4 

2-05 

2-7.'5 

3-1 


'lo the largest scale youi paper will allow, plot weight along 
the longer side of the squared paper and pull at riglit angles to it. 
Draw the graph and find from it the pull for a weight of 6^ lbs. 

7. (a) Find the valm? of x in the equation ; 

•4(.r I 3)=-r>(;r-l). 

(b) If the average weight of jnilleys is (3a; 1 2y) lbs., find the 
weight of x{‘ix—2y) pulleys, (dear your answer of 
brackets. 

8. {a) A square tile has an area of jr-^i hq. ft. 

zc— 4n ^ 

(Jiven 6=3, c=8, find the length of one edge. 

(6) The stress in a tie bar is given by F=^ where A = — 

A 4 

Arrange the formula to find the value of W when the 
valuas of d and F are given. 
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9. Fig'j 64 represents^tho plan of a table top with semicircular 

ends. What is its area in square inches ? ' 

10. Find the value of x in each of the following equations : 

{x \ 2) 3)— 8a7— 3. 

{x~^) (a:+3)=a;(rc-3)-~2. 

Kxekcise 70d 

1. {a) F’ind the value of (4-5— 1*012) X 4-5. 

(/j) Three pieces of copper wire measure 4A yds., 41 ft., and 
4^ ins. in Jcaigth. (Jive their total letigth in feet. 


[2x*a) >1 

Fia. 04. 

2. '.riiirty-lour c,u. cm. of a liquid weigJi 26*52 grami'. What 
weight of the liquid would just fill a litre flask ? 

3. A })ieco of iron with lengths of sides as shown in fig. 65 has 
a circular hole 1*4 in. in diameter drilled out of it. Find the area, 
correct to two decimal plactw, of the remaining surface. (;7:=3*14.) 

4. Oak is *765 times as licavy as water, volume for volume. 
Oiven that 1 eu. ft. of water weighs 1000 ozs., find tlie weight of 
a beam of oak 14 ft. long, I ft. 6 ins. wide, and 8 ins. thick. 
(Answ'cr in lbs.) 

5. .An open cylindrical cistern, 2 ft. 6 ins. iiigh and IS ins. in 

diameter, is su[)[)lied w ith w'ater from a ball ta]j to within 2 ins. 
of the to]) of the cistern. Ilow' many gallons of water will there 
be in it ? (1 gall. — 277 (mi. ins.) 

6 . In an ex[)eriment with a spiral spring it is found that eacli 
10 lbs. of weight added extends the spring 1*25 ins. Draw a 
graph as large as tlie squared paper wdll allows showing extensions 
of the spring for weights from 0 lbs. to 50 lbs. From your graph 
find'the extension for a weight of 37 lbs. 

7. (a) The base of a triangle is (3 j;— 4) ins., and tlie altitude 

(2a;— 2) ins. long. What is its area ? 

(5) The area of a rectangle is (a:2-|-3a;— 28) sq. ft., and its 
breadth is (a; — 4) ft. Find its length in inches. 

8. (a) The following are the lengths in indies of four bare of 

iron : 



b-44 



Fig. ()5. 


3.r, 4*5 j:, 2Xf x. 
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Their total length is 5 ft. 3 ins. WhAt is the value 6f a; ? 

• X 

(6) 3 f - = 7 — x. Find what x is equal to. 

^ L2 H 

9. (a) If H = 1 ^ and L = 2, find the value of K when R — ^ 

{b) Rearrange the formula S— -^< 7/2 so as to obtain the 
value of V when the other quantities are known. 

10. Find the value of the following to two placas of decimals : 

(а) 3-1410 X 5-01. 

(б) 25-08 ^0-78.54. 


Exercise 70e 

10-8 /l-3r> 3 \ 

1. (a) Find the value of “^ + 3^ )• 

Give your answer to four places of decimals. 

{b) During throe months 85,772 vessels were convoyed across 
the ocean, and 433 were lost through enemy action. 
What was the percentage loss ? 

Give your answer to two places of decimals. 

2. (a) If mild steel weighs 490 lbs. per cubic, foot, what is its 

weight per cubic inch ? 

Give your aaswer in lbs. to three places of decimals. 
(6) Given that 1 inetre= 39-37 ins., find, to the nearest yard, 
how many more yards there are in 1 mile than in 
1 km. 

3. Fig. 66 roprasents a piece of 7 lb. load (lead weighing 7 lbs. 
per square foot). What is the weight 
of the piece ? 

4. The total surface area of a cube 1 ^ 
is 346-56 sq. ins. Find the length j 
of one edge. 

5. A swimming bath, 36 ft. 6 ins. 
long and 16 ft. wide, is filled with ■ 
water 'which is 3 ft. 6 ins. deep at one 
end and 5 ft. 6 ins. deep at the other. | 

How many cubic feet of water does 
the bath contain ? 



6 . 


Load in lbs. 

0 

7 

14 

21 

28 

42 

56 

Effort in lbs. 

3 

4-75 

6-5 

8-25^ 

10 

13-5 

17 
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The allove figures wefre obtained from experiments with woo 
blocks and tackle. Draw a graph to show the connection %>etween 
load and effort. Plot load from left to right along the longer side 
of the squared paper to a scale of 1 in. to 5 lbs., and effort at 
right angles to a scale of 1 in. to 2^ lbs. Prom the graph find the 
effort when the load is 50-5 lbs. 

7. (a) The lengths in yards of the throe sides of a triangle are 

c, a— (6+c), and a—h—c. Pind its perimeter 
in foot. 

(b) T^-j— . Obtain the value of / when T— 33,000, d=4, 
and Tt—'y. 

8 . A rectangular jiieco of tinplate and a square piece have 
both the same area, but the length of the rectangular piece is 
longer by 16 ins., and its width shorter by 8 ins., than tlie side of 
the square piece. What are the dimensions of both pieces ? 

^ 2a; 2 2x 

9. (a) Find the value of x in the equation — ^ 2 = 0. 

(b) A cylindrical column of stone has a volume of (a;2+ a;— 12) 

cu. ft. and a height of {x \ 4) ft. What is tlie area of 
the base ? 

(c) An iron girder is {ix^ -2xy+y2) yds. long ; (a;2— 3^2) yds. 

are cut ofl. What is the length in yards of the re- 
maining jjioco ? 

10. Simplify : 

a2— 62 a2-|-2a6 | 62 aS— ac l-a6--6c 

TTb- <*> (c) 


a+b 


a(a-| 6) 


Exercise 70f 


1. (a) Find the value of 


16*25- 10-6 


ViT2*36 

(6) A triangle has an area of 4j^j sq. ft. ; its base is Oft. 7 ins. 
long. Find its altitude. 

(c) A metal cylinder has a diameter of 3 ins. and a length 
, of 9 ins. What is the ratio between the area of one 
of its circular ends and the area of its curved surface ? 

2. A rough casting supplied from a foundiy weighed 2 cwts. 
2 qrs. 14 lbs., and after being turned in the lathe it weighed 
2 cwts. 21 lbs. What was the percentage of the finished weight 
removed in the process of turning ? 

3. A brass cone, with a perpendicular height of 6 ins. and 
diameter of circular enc^gj ins., is plaeed into a vessel having each 
of its inside surfaces square. The circular end of the cone when 
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lying flat is found to touch the four uprigl:^ sides. WhaC volume 
of watei must now be added to fill the vessel ? 

4. Fig. 67 shows tiie cross-section of a cast- 
iron pipe. If cast iron weighs 4^0 lbs. per 
cubic foot, find the weight of a 6 ft. length 
of the pipe. {7z=y). 

L 6. A cable weighs 2-706 kilograms per 
metre. How many grams per centimetre 
is this ? Find, to the nearest yard, the 
length of cable weighing 3600 kilograms. 
(1 metre =39*37 ins.) 

6. A copper wire was loaded gradually, 
with tlie following results : 



Fig. 67. 


Load in lbs. 

0 

4 

8 

12 

16 

18 

20 

23 

0^ 

Increase in length in 
inches 

0 

•02 

•03 

•04 

•06 

•07 

•08 

•10 


Draw a graph to show the relation between these two sets of 
quantities, plotting load to the scale of 1 in. to 2 lbs. along the 
longer side of the squared paper, and increase in length at right 
angles to a scale of 1 in. to *02 in. 

From the graph find the probable increase in length when 
the load was increased from 3 lbs. to 17| lbs. 

7. (o) What must be added to the sum of 2x'^—^xy~[ 3 t/ 2 , 

2xy-\-y\ and —{2x^—xy—y^) to make 4 ? 

Mv* 

(6) The formula F=-^ is arranged for finding the value of 

F when the other quantities are known. Rearrange 
it for finding the value of v. 

(o) A man walks jor t hrs. at m miles per hour. If he returns 

■ the same way at 3 milas an hour, resting for x mins., 
how many hours will the journey back take him ? 

3 . j 2x 7 

8. (o) — 2 2 — =2a:— 1. Find the value of x. 

F— 32 C 

(6) Given — ^ ; find F if C= — 10. 


(c) Simplify 


x^~4y^ 2x—4y 

x}f{x 1 2v/)2“ x^y^ 







